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Numerical Building Blocks 
Control Turret Lathe 


To the moon and back and wherever missiles fly. Librascope 
F computers deliver ready answers for in-flight control ® guidance, 
optimum trajectories, impact prediction, data reduction and 


analysis. Throughout flight ... Librascope missile computers are uninterrupted 


by environmental extremes...and they will automatically and continuously 


check their own built-in accuracy. The compact size, minimum 
weight and performance of Librascope missile computers have 
earned them important roles in our conquest of space. For infor- 


mation on how Librascope advanced computer capabilities can answer your 
particular needs, write to Librascope, 808 Western Ave., Glendale, Calif. 
Librascope, A Division of General Precision, Inc. ® For information on 


engineering career opportunities, contact Glen Seltzer, Employment Mgr. 


computers that pace man’s expanding mind 
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Make speedier checks of recorders, control- 
lers and base or noble metal thermocouples 
in industrial plants with the new three-dial 
8686 Portable Millivolt Potentiometer. Fea- 
tures such as a central reading window... 
where measured values appear as a row of 
digits with a-scale interpolation ... simplify 
calibration of thermocouples and test meas- 
urements. The 8686 Potentiometer has: a 
wide operating range of —10.0 to +100.1 
mv and +1010 to +1020 mv for standard 
cell calibration; and a high accuracy of 
+ (0.05% of reading +3uv) without refer- 
ence junction compensation, +(0.05% of 
reading + 6 uv) with ref. jct. comp. Write 


8686 Millivolt 
Potentiometer 


for Data Sheet E-33(1A). 


8692 and 8693 
Temperature 
Potentiometers 


If you want to make a variety 
of temperature measurments 
quickly with one flexible 
instrument, investigate the 
new time-saving 8692 Single- 
Range or 8693 Double-Range 
Temperature Potentiometers. 
Available in any of 24 inter- 
changeable temperature and 
millivolt ranges, these instru- 
ments read directly in degrees 
F or C on a scale 27%” long. 
Convenience features include: 
simplified range changes... 
only a screwdriver is needed 
to change a circuit panel, 
scale and binding post studs; 
automatic reference junction 
compensation . . . reference 
coil, built into circuit panel, 
compensates for thermocouple 
being used; accuracy ... 
+0.2% of range. Write for 
Data Sheet ND42-33(1A). 
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4 time-saving 
instruments from the 


NEW 


CONVENIENCE-STYLED 
L&N LINE... 


f 


Need a_ fast-operating, high-sensitivity, 
high-quality null indicator for use in re- 
search, testing and production checking? 
Here’s a new 9834 Guarded D-C Null Detec- 
tor having a short period of less than two 
seconds for source resistances up to 1000 
ohms, increasing to 4 seconds at 100,000 
ohms ... ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated ‘detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 uv/mm (0.3 pv/scale div.), 
and a noise level of less than +0.1 pv. 
Write for Data Sheet ED7(2). 


8690 Millivolt 
Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout”, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


9834 Guarded 
D-C Null Detector 


LEEDS NORTHRUP 


4918 Stenton Ave., 


Pkiladelphia 44, Pa. 
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UNIVERSAL 
SERVO ANALYZER 


APPLIED TO SCOPE'S 
VERTICAL PLATES 


APPLIED TO SCOPE'S 
HORIZONTAL PLATES 





50 cps to 6000 cps car- 
rier, moduiated at rate 
of 0.001 cps to 100 cps. 


Modulated 
Return 
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Sine Wave 
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rier, modulated at rate 
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50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 


Demodulated 
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Linear Sweep 
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50 cps to 6000 cps car- 
rier, modulated at rate 
of 0.001 cps to 100 cps. 
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Sine Wave 
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Oscilloscope 
Calibration 





Oscilloscope 
Calibration 








POLARAD ELECTRONICS CORPORATION: 


43-20 34th Street, Long Island City 1, N.Y. 


Please send me specifications and data on: 


MODEL SV-1 SERVO ANALYZER 


My application is. 











Company. 





Addr 
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MAIL THIS COUPON FOR MORE INFORMATION. 











The new Polarad MODEL SvV-1 
SERVO ANALYZER is a complete 
instrument for testing AC and DC 
servo mechanisms in all applica- 
tions. It combines a multiple pre- 
cision signal generator and 
oscilloscope. Internally generated 
reference signals are compared 
with servo outputs and are displayed 
visually for quick servo analysis. 


POLARAD 
ELECTRONICS 
CORPORATION 
43-20 34th Street, Long island City 1, N.Y. 
Representatives in principal cities. 
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Published for engineers and technical management men who are responsible for 
the design, application, and test of instrumentation and automatic control systems 





69 Numerical Building Blocks Control Turret Lathe 


H. W. MERGLER of Case Institute reveals details of new Warner & Swasey Servofeed 
system, one of first machining systems designed specifically for numerical control. 


77 Optimum Response Relay Servos—Part II 


]. B. LEWIS of Purdue University continues with a thorough discussion of the tech- 
niques that have been employed to turn theory into practical optimum control systems. 


85 What About Pilot Plant Instrumentation 
R. J. FANNING and J. D. BRYAN of Continental Oil point out that the process pilot 
plant is a data factory with purpose: maximum information in minimum running time. 
89 Test Fixture Aids Design of Fuel Controller 
H. S. D. YANG of Lockheed Aircraft builds a special bench tester first and uses it as 
a system design tool prior to its destined final role as a quality control device. 
92 Two New Ways to Vary Induction Motor Speed 
E. R. LAITHWAITE of Manchester University, England develops the logmotor and 
phase mixer motor, both cylindrical machines with speed changing by varying pole pitch. 
97 Data File 39—Quick New Method Gives System Time Constants 
H. K. CHATTERJEE of Associated Electrical Industries, England simplifies the prob- 
lem of finding the two time constants of a servo using a field-controlled de motor. 
99 Electronic Controls Speed Engine Bore Classification 
]. R. ZURBRICK of McGraw-Hill News describes automatic bore classifier that per- 
forms precision engine measurements faster and more accurately than human inspectors. 
Analyzer Response to Temperature and Composition Change 
R. L. GRANTOM of Lion Oil Co. et al, investigates the dynamic response of differen- 
tial refractometer to these two types of disturbances in this second of two articles. 
Choosing Induction Regulators for Rectifier Control 


P. N. WISE of General Electric explains a method of calculating optimum range for 
tube and semiconductor rectifiers to insure most efficient use of regulating capacity. 


The Story of an Ultra-Reliable Computer 


A. P. HENDRICKSON of Remington Rand Univac tells the engineering story of the 
amazingly reliable Athena computer, built to guide the Titan intercontinental missile. 





Pot Null Detectors Control Tracer Lathe 
W. A. BREAUX of Seneca Falls Machine sets pots to control lathe traverse limits. 


Transistors Position Press for Quick Die Change 
W. D. BERRY of Danly Machine Specialties positions die slide rapidly and accurately. 


Digital Gain Changer Gives Optimum Slowdown 
D, A. POEPSEL of Westinghouse Electric matches control to the machine dynamics. 


Simple RC Anticipation for On-Off Controllers 


Unique temperature control anticipation network is insensitive to ambient variations. 


Differential Pressure Controller for Air Doors 
L. A. McGUIRE of Cleveland Controls bulges air curtain against highest pressure. 


Continued on next page » 





What’s New in the Control Field 

Newsbreaks in Control 

Numerical control patents turn up; computers run blast furnace; solid state CR tube. 
Control Problem Potpourri 


Naval Electronics Lab tackles anything from battle simulator to underwater studies. 


Instrument-Automation-Electronics Show 
Biggest exhibition yet highlights four new English electronic process control systems. 


Remote Underseas Explorer 
Multiplexed control system carries signals over a 5-mile cable to underwater vehicle. 


Total Production Control in a Package? 


IBM’s new MOS still requires the many steps in putting any data processor on line. 
Model Making Made Easy with Numerical Control 


Wind tunnel model preparation time is cut from 2,000 to 200 hrs by numerical control. 


Revolution at DfI 


Design consultant has branched out into proprietary control development for steel. 





Control Personality —AL MAYO 


Control engineer brings all his experience to bear on NASA’s man-machine problems. 


Industry’s Pulse—Market Blooms for Data Communication 
Real time computer control opens up brand new industrial field of data communication. 


Editorial—What’s in a Name 


Control slang indicates a dynamic industry but is hard for the neophyte to understand. 


New Product Developments 


Tape program improves chromatograph performance; computer speeds quality control. 


Abstracts of Technical Papers 


Magnetic amplifier circuit converts 10-digit parallel binary input to analog voltage. 
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Solid State Reliability 
“410 me Counter 


( pmplotely 


TransistorZe 








TREES LEVEL 








The CMC 700 Series is the only major breakthrough in counting, timing and 
frequency measuring equipment in the past 10 years. Here is the first successful 
application of transistors to high frequency counting and timing. Transistors per- 
form all the functions in CMC’s 700 series that required 63 tubes in old style 
counting equipment. These are the most reliable counters ever made. 


TRUE DIGITAL LOGIC CIRCUITRY 

By answering an obvious need for a completely new, up-to- 
date approach to counting and timing instrumentation, CMC 
has produced solid state instruments with greatly simplified 
circuitry, using logic “and” and “or” gates. 


LIGHT AND SMALL, 
LOWER POWER DRAIN 


Each 700 series instrument weighs only 27 pounds, meas- 
ures 7 inches high, 17 inches wide, and 14 inches deep. 
Power consumption is a meager 46 watts, 1/10 the amount 
for vacuum tube models. 


DO ALL THESE JOBS 


Measure frequency from dc to 10 mc, time interval from 
0.1 “sec, ratio 1 cps to 1 mc and unlimited multiple period 
selection. Frequency converters available for higher fre- 
quencies. The counter also generates time interval marker 
pulses from 1 “sec to 1 second. Data can be presented on 
standard decades or inline Nixie tubes. The 700 series will 
operate digital recording equipment, punches, inline read- 
outs, and other data handling gear. 


JULY 1960 


These Features, Too-— Decade count-down time base 
—frequency divider circuits never need adjustment. Accu- 
racy, +1 count +oscillator stability. Sensitivity, 0.25 v rms; 
input impedance, 25 k ohms/volt. 


And The Price—Higher than vacuum tube models. But 
you can save the difference on down time in the first year. 
Model 727A Universal Counter-Timer, $2,750; Model 707A 
Frequency-Period Meter, $2,575 ; Model 757A Time Interval 
Meter, $1,975. Rack mount optional at no extra cost. All 
prices f.o.b. Sylmar, California. 


More Information Ayailable — Your nearby CMC engi- 
neering representative will be happy to arrange a demon- 
stration and provide you with complete technical infor- 
mation. Or you may write Department 21, 


WESCON BOOTH NO. 633 


Computer 
Measurements Co. 


A Division of Pacific industries 
12970 Bradiey Avenue, Sylmar, California 
Phone: EMpire 7-2161 
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Miniature 
Dual-Dielectric 
Capacitors 

for 125 C Operation 
Without Derating 





An improved version of Sprague 
Electric’s famous Prokar® line of 
molded tubular paper capacitors 
has just been announced by the 
company as offering circuit design- 
ers small capacitors with improved 
humidity resistance for 125 C oper- 
ation in military, commercial and 
industrial electronics. 

Key to the improvement is the 
use of a new dual-dielectric which 
combines the dielectric strength of 
the highest grade capacitor tissue 
with the ion barrier effect of poly- 
ester film, giving these miniature 
units high insulation resistance plus 
extended life at 125 C. Type 150P 
Capacitors, as the new series is 
designated, are still impregnated 
with the exclusive high temperature 
organic material which marked a 
milestone in miniature molded ca- 
pacitor development when Sprague 
first introduced it. The new series 
is designed for operation at temper- 
atures up to 125 C without voltage 
derating. 

For complete specifications on 
Type 150P Prokar ‘D’ Molded 
Capacitors, write for Bulletin 2300 
to Technical Literature Section, 
Sprague Electric Company, 407 
Marshall Street, North Adams, Mass. 
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SHOPTALK~ 


Something new in numerical control 


Although many new control systems will be displayed at 
the Machine Tool Exposition and Production Engineering 
Show in September, one of the most revolutionary will un- 
doubtedly be the Warner & Swasey Servofeed system de- 
scribed on page 69 of this issue. Principal architect of this 
system was Dr. Harry W. Mergler, consultant to W&S, Asso- 
ciate Professor of Control Engineering at Case Institute, 
and CtE consulting editor. Not only does the building 
block concept of the system represent a radical approach, but 
the turret lathe itself is one of the first machines designed for 
numerical control from the foundation up. Even special 
components were developed when commercially available 
equipment would not meet performance requirements. 


Science editors and writers exchange views 


A panel of six top science writers and editors discussed the 
role of the technical press at a recent seminar: “The Critical 
Million—How to Talk to the Nation’s Scientists and Engi- 
neers: Industry's Most Vital Audience”. Publications repre- 
sented on the panel were Controt ENGINEERING, Electronic 
Design, Chemical Engineering News, and the science depart- 
ments of Newsweek and the New York Herald Tribune. 
Communication problems ranged from the specific “how to” 
in a growth engineering field to interpretive commentary on 
science for the general public. Chief Editor Bill Vannah, 
CtE’s panel member: says: “We discussed what we are, how 
we edit, how industrial publicity people can help us, and how 
we can help them.” 


Next month—missile guidance 


The August issue of CtE will bear the fruit of many months’ 
labor on the part of five experts in various phases of missile 
guidance. Coordinated by Dr. Charles J. Mundo of Ray- 
theon Co., this special 22-page report will include: 1) System 
Aspects of Inertial Navigator Design, 2) System Considera- 
tions for Guidance Radars, 3) Doppler Radar Techniques for 
Aerospace Navigation, 4) Modern Techniques in Celestial 
Navigation, and 5) Recognition in Perceptive Guidance Sys- 
tems. Don’t miss it. 


And the month after next—September 


As all confirmed CtE readers know, September is the occa- 
sion for our one special issue of the year. After past Sep- 
tembers devoted to systems engineering, computing-control, 
program control, and test we decided to stop and take stock, 
to look around us to see how the “how to” information we 
disseminated in the past has been put to work. Thus, this 
September issue will survey the most modern applications of 
automatic systems in the plant. More about this next month. 
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This is the one computer you can take with you 


Cone JODO 





SMALLEST ANALOG COMPUTER EVER MADE 


FITS YOUR LAP, YOUR DESK, YOUR BENCH! 

Until now, the engineer, teacher, or scientist who 
needed an analog computer on the job faced an 
awkward situation. He could take his problem or 
class to a computing center and wait his turn or, 
after a thoroughly cumbersome undertaking, set up 
a big computer on the site. In any event, the task 
was costly and time consuming. 

WEIGHT: 23 POUNDS 

A complete computer is only 5%” high, 19” wide, 
and 10%” deep. By simply removing a few screws, 
the problem board tilts up for rack mounting. 
The Donner 3500 furnishes big computer perform- 
ance in a tiny package. Up to three computers can 
be slaved together for 10, 20, or 30 amplifier problem 
solving capacity. Choose 0.1 or 1.0 percent computing 
components. Amplifiers are available in both stabi- 
lized and unstabilized forms. Anytime, unstabilized 
amplifiers can be converted by adding a plug-in 
component. 

OPERATION SIMPLE, APPLICATIONS BROAD 

If you can run a slide rule, you can use the Donner 
3500. It’s just that easy. Most dynamic equations 


can be solved and demonstrated. You can solve servo- 
loop and process control problems on the job with no 
loss in time. Alternately, use it in the lab as a pre- 
cision power supply, a low-frequency oscillator, wave 
analyzer, or function generator. 
PRICE 
Prices for the Donner 3500 complete and ready to 
work including the “extras” range from $1200 to 
$1800. This includes potentiometers and a nominal 
selection of computing components. A full comple- 
ment of accessory equipment such as function gen- 
erators, transport delay generators, and multipliers 
is available. 
WANT MORE INFORMATION ? 
Your nearby Donner engineering representative will 
be happy to give you complete information on the 
Donner 3500 and arrange a demonstration. Or you 
may write Department 21. 

SCIENTIFIC 


D 0 fl le COMPANY 


CONCORD, CALIFORNIA 
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30 AMP “ROCK-TOP™ 
TRINISTOR CONTROLLED 
RECTIFIER 


PROVIDES MULTI-FUNCTIONAL CONTROL OF CURRENTS AND VOLTAGES 
WITH FAST SWITCHING TIME AND RESPONSE RATE 


New Westinghouse Trinistor ‘‘Rock-Top’”’ construction provides high reliability, 

low maintenance, and positive protection against arcing at high voltages. 

Design engineers will find the improved electrical characteristics, listed below, 
can be used to advantage in a wide range of new control and switching applications. 


Lower Thermal Impedance 

Switching time 600 millimicroseconds 

Efficiencies in excess of 95% 

Simplifies circuitry 

Lower forward drop than thyratrons 

Minimum noise levels 

Parameters ideally suited for high-speed static switch functions 
Peak reverse voltage 60-360 volts 


For full information or engineering assistance, 
contact your local Westinghouse representative, or write: 
Westinghouse Electric Corporation, Semiconductor Dept., Youngwood, Pa. 


INDUSTRIAL, MILITARY, AND COMMERCIAL APPLICATIONS INCLUDE: 
CONVERTERS / VARIABLE FREQUENCY CONTROLS / MOTOR CONTROL / 
VOLTAGE REGULATION / REPLACEMENT OF MAGNETIC AMPLIFIERS / HIGH 
POWER MODULATION / INVERTERS / REPLACEMENT OF THYRATRONS 


you CAN BE SURE...1F ITS \ Vestinghouse 


SC-4111 
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MEASURING 
PRESSURE? ow sou ca 


assemble complete digital systems 
using Only off-the-shelf compo- 
nents. All equipment is matched 
output-to-input to save engineer- 
ing time and the cost of specially- 
tailored hardware. The simple sys- 
tem below may be expanded ten- 
fold in complexity. 


ASSEMBLED BUILDING BLOCKS 
MAKE A DIGITAL SYSTEM... 


=a ea Skies Wiancko 
—- 
pick-up 


2 wires 





Wiancko 
FM oscillator 


coax cable 





Beckman 
EPUT® Meter 
indicates in 
psi to .05% 





Beckman 
recorder 
prints 

readings 


Building blocks for measuring tempera- 
ture, force, flow and rpm are equally 
available. 





Write for free 
16-page survey of 
illustrative systems 











Beckman Berkeley 


an Np 
2 2 
< 


o* Division 


2 a9) S 
2 YEARS 2 


T31 5-1 


Richmond 3, 
California 
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FEEDBACK _ 


Can’t transform them. 


To THE Eprror—- 

I may have misunderstood part of 
Maj. Still’s article, “Separate Signal 
from Noise with Probability Filters’, 
in the March 1960 issue of CtE, pages 
147-151. If so, I would appreciate 
some clarification. Figure 3 apparently 
includes a nonlinear weighting func- 
tion, p(E). Contrary to the implica- 
tions of Equation 4, this nonlinearity 
cannot be manipulated as if it were 
linear to obtain a simple Laplace 
transform expression. There is no sim- 
ple, one-step operational way to ob- 
tain the output response that I know 
of. Of course, describing functions, 
phase-plane analysis, or various inter- 
active schemes could be used, but it is 
not clear that Maj. Still has done this. 
Could you clear up the question of 
rigorously deriving Equations 4 and 5? 

Herm Jacobowitz 
Government & Industrial Div. 
Philco Corp. 

Willow Grove, Pa. 


Right; didn’t. 
To THE Eprror— 

From a rigorous point of view, Mr. 
Jacobowitz’s objection to the general 
use of Equation 4 is valid. I have 
recognized from the first that it is an 
oversimplification. However, as used 
in the text, it is correct. p(E) is a con- 
stant for any fixed value of error, and 
as a parameter which is not used as a 
function of s in the discussion, it can 
be transformed. Admittedly, this is an 
artifice, but it serves what I believe to 
be a valuable purpose. It shows that if 
the transformation were valid for the 
dynamic case, 1/p(E) would appear 
as the time constant defining the 
bandwidth of the filter. This aids in 
understanding the action of the filter. 
The discussion accompanying Equa- 
tions 4 and 5 considers the effect of 
error signals of both high and low 
probability of occurrence. This is just 
as valid an approach as would be the 
discussion of varying any other param- 
eter in the system. Equation 5, if sub- 
jected to the same restraints as Equa- 
tion 4, is the inverse Laplace 
transform of Equation 4, and as such 
the same comments apply. 

I agree with Mr. Jacobowitz in that 
I know of no closed-form solution to 
this equation. An iterative solution of 
Equation 4 could be mad using La- 
place techniques available in any stand- 
ard text by redefining p(E) for each 
iteration. This approach would be 
quite cumbersome and in all proba- 
bility would not be warranted. The 


entire approach set forth in this article 

is much better suited for computer 
simulation. 

William L. Still 

Major, USAF, BMD 

Gardena, Calif. 


Stimulated, wants to simulate. 


Wii L. Stritt— 

I have recently had the pleasure of 
reading your article, “Separate Signal 
from Noise with Probability Filters”, 
in the March 1960 issue of Contror 
ENGINEERING. I am interested in the 
problem which you discuss and would 
like to make a similar study on a high 
speed analog computer. However, my 
background in information theory is 
not adequate to derive the weighing 
functions used in your filter. I would 
be most sig if you could give 
me any references which might pro- 
vide direct assistance on this. 

In addition, is there any means, 
such as ASTIA, whereby I n.ay obtain 
a copy of the report which was written 
describing in detail the study you refer 
to in the article? 

Jack Rademaker 
Bendix Systems Div. 
Ann Arbor, Mich. 


Jack RADEMAKER— 

I was transferred from the Guid- 
ance Laboratory at Wright-Patterson 
AFB before the work on the particular 
study was completed. Consequently 
there was never a published report on 
the study mentioned in my article. 
However, I had previously established 
a study project using quite a similar 
technique in the bombing field. The 
following data can be used to obtain 
the report provided your organization 
has the proper security clearances. The 
work was done on Project 5162, Task 
5063 under Contract No. AF 33- 
(616)519, Final Engineering Report 
Subject: “Study and Development of 
Statistical Low Altitude Bombing 
Techniques”. , 

The best unclassified references are: 

Control Tools Develop a New Navi- 

gational System 
D. J. Green, Controt ENGINEERING, 
Jan. 1957, pp. 65-68. 

Probability and Information Theory, 

with Applications to Radar 
P. M. Woodward, McGraw-Hill Book 
Co., Inc., 1953, Chapt. 3-4, pp. 43-80. 

Automatic Feedback Control Sys- 

tems Synthesis 
J. G. Truxall, McGraw-Hill Book Co., 
Inc., 1955, Chapt. 7-8, pp. 410-499. 

Extrapolation, Interpolation, and 

Smoothing of Stationary Time Series 
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Quick check on bulk. Thompson’s Dairy man checks weight of truckload of milk, just pumped into bulk tank, on the SR-4® indicator. 
Magnifying glass facilitates accurate reading of scale. Also available are automatic printers which furnish weight printed on tape. 


“‘We were paying for more milk 
than we got” 


Space is no object. SR-4® load cells are com- 
pact ... support the entire weight of the tank, 
but add only a few inches to its overall height. 


BALUDWGVIN - LIMA: HAMILTON \f 


—reports Thompson’s Honor Dairy of Washington, D.C. 


‘*... flow we get .05% consistent accuracy 
with our new Baldwin SR-4° system” 


When this leading dairy converted to bulk milk pick-up, all shipments had 
to be accepted on a volumetric basis. Spot checks revealed errors in 
measurements as high as 342%. 


Then the company installed an SR-4® weighing system on one of its bulk 
tanks—four compact load cells (which come completely sealed against 
moisture) beneath the tank . . . and a precision indicator located at the re- 
ceiving station, almost a block away. Now each shipment is measured 


quickly and easily, as received, and with a consistent accuracy of .05% 
or better. 


SR-4® systems conform to the sealing requirements of the National Bureau 
of Standards. They are readily installed on existing facilities . . . are con- 
siderably less expensive than mechanical scales for multiple tank systems. 
No corrosion problems, wearing of parts, etc. 


Are you losing money through inaccurate measurement? Find out how 
easily you can install a B-L-H SR-4® measuring system in your plant. Send 
for free booklet No. 4410. Write Dept. 6-G. 

idvanced force measurement began here 


cab PW >> 


Electronics & Instrumentation Division +» Walitham, Mass. 


SR-4°® Strain Gages *« Transducers « Force Measurement Systems 
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D-C AMPLIFIER EVALUATION number 3 in a series 


COMMON MODE REJECTION 


Ls level d-c signals produced by 
strain gages or thermocouples 
are best amplified by differential 
input d-c amplifiers. A differential 
input d-c amplifier is one which 
measures the difference between two 
voltages regardless of the absolute 
value of the voltages. 

The schematic (Fig. 1) shows a 
differential input amplifier, the dif- 
ference or differential mode voltage 
(E,),,and the total voltage com- 
mon to both input terminals (termed 
the common mode, E,). 

Mode 7 “@ 


Common @ E. 














‘‘Common mode rejection’”’ 
(C.M.R.) refers to a differential 
input amplifier’s ability to measure 
E, without errors due to E,. It is 
proportional to the ratio of common 
mode voltage and the equivalent 
differential input voltage produced 
by the common mode voltage or 

E. 

C.M.R. = E, due to E, 
Rejection is generally given for 
a-c as well as d-c common modes. 


x gain. 


Testing amplifiers 
for Common Mode Rejection 


To determine the C.M.R. of a 
given differential input d-c ampli- 
fier, the input is shorted and con- 
nected to a source of common mode 
voltage as shown. Both d-c and a-c 
values should be applied and the 
amplifier output measured with de- 
vices of suitable sensitivity (Fig. 2). 
The C.M R. is calculated by divid- 
ing the product of amplifier gain 
FiIG.2 


O 


CRO 

















and common mode voltage by the 
observed output voltage due to the 
common mode voltage. Since some 
amplifiers suffer a decrease in gain 
with a common mode voltage, am- 
plifier gain should be checked with 
common mode voltage applied. 
When simulating a differential 
mode signal, care should be taken 
to provide an appropriate source of 
impedance oriented to ground in a 
manner similar to that of the actual 
transducer used. For information 
showing these procedures in detail 
write for Bulletin BE AN123. 
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Less than 0.02% error 


Honeywell AccuData IJ Differ- 
ential Input D-C Amplifier is spec- 
ified to have common mode rejec- 
tion of 1,000,000 at d-c, 200,000 at 
60 cps, and 5,000 at 400 cps, with 
full scale differential input of 3 to 
30mv Maximum allowable com- 
mon mode voltages are 100 v d-c, 
15 v pk at 60 cps, and 3 v pk at 400 
cps. Adjustment of a C.M.R. bal- 
ance on the front panel compen- 
sates for up to 5 ohms unbalance in 
either input lead. Thus, either a 
1 v 60 cps or 5 v d-c common mode 
voltage applied to the AccuData II 
produces only 5 zv eq. in error 
signal, or less than 0.02% of the 
30 mv full scale input signal. 





The AccuData II has single- 
ended as well as differential input 
ranges, input impedance of 2 meg- 
ohms differential (20 megohms 
single-ended), and power output 
sufficient to drive the highest fre- 
quency galvanometer oscillograph to 
its maximum deflection. In addition 
to excellent common mode rejec- 
tion, the unit offers exceptional zero 
stability and linearity, very low 
noise and frequency response to 20 
kc. For complete specifications on 
common mode rejection as well as 
on other characteristics of the Accu- 
Data II, write for Bulletin BS- 
DISA-1000 to Minneapolis-Honey- 
well, Boston Division, Dept. 34. 
40 Life Street, Boston 35, Mass. 


Honeywell 


1665 








| FEEDBACK 


N. Weiner, Published jointly by the 
Technology Press of the Massachu- 
setts Institute of Technology, and 
John Wiley & Sons, Inc., 1950. 

General Filters for Separation of 

Signal and Noise 
L. A. Zadeh, Proceedings of the Sym- 
posium on Information Networks, 
Vol. III, Polytechnic Institute of 
Brooklyn, 1955, pp. 31-49. 

The books are developed either on 
a highly theoretical plane, or are 
couched more directly toward the 
classical communication problem than 
the control problem. 

You will find little literature di- 
rectly applicable to this problem. The 
need here is for leaders to explore new 
approaches and tu generate their own. 

William L. Still 
Major, USAF, BMD 
Gardena, Cal. 


Mr. Rademaker’s now engaged in 
making a high speed computer simu- 
lation using the filter. Ed. 


Who makes one that will travel? 
To THe Eprror— 

We need a small portable type- 
writer, either for teletype code, o1 
anything else within reason, which 
might be used as a field serviceman’s 
digital input/output device. Conven- 
tional teletypes, Flexowriter, etc., are 
out of the question, partly because of 
field reliability, but primarily because 
they are hardly portable in the ac- 
cepted sense of the word. 

Thomas W. Kampe 
Librascope, Inc. 


Glendale, Calif. 


Ralph Palmer, asst. to director of 
engineering, IBM, advises a Mite 
Printer made by Teleprinter Corp, 
Park Place, Paramus, N. J., might do 
the job. Ed. 


Setting the record straight. 
To tHe Epiror— 

Just finished reading the Industry’s 
Pulse column in the May issue. It is 
neither true that Texas Instruments, 
Inc. had the first commercially avail- 
able gallium arsenide tunnel diodes 
nor that they were the first to offer 
commercial availability at the distrib- 
utor level. We started taking orders 
and delivering gallium arsenide tunnel 
diodes early in March. 

R. W. Sollinger, Jr. 

GE Semiconductor Products Dept. 

Syracuse, N. Y. 

We missed by one week, since the 
GE announcement was made on 
March 14 and the Texas Instruments 
announcement on March 21. Ed. 
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NOW. ee from CLARE... 
@ new 10-Point Stepping Switch 


for long life digital operation 


Small, lightweight and capable of a minimum of 
over 100,000,000 operations,* the new CLARE Type 
210 Stepping Switch is specially designed for digital 
operation. It is ideally suited as a component for 
sequence control, totalizing, sampling or single point 
selection. It transfers from Position 10 to Position 
1 without special circuitry. : 

This new switch has all the improved features 
which have made the Type 211 an ideal component 
for complex switching requirements—long life, ex- 
cellent capacity and freedom from maintenance. A 
wide variety of hermetically sealed and dust cover 
enclosures are available with terminals or connectors 
to suit the application. 


Send for Bulletin CPC-6 for complete information. 
Address C. P. Clare & Co., 3101 Pratt Blud., Chicago 45, 
Illinois; In Canada: C. P. Clare Canada Ltd., P. O. Box 
134, Downsview, Ontario. Cable Address: CLARELAY. 


*with twelve 10-point levels . . . 300,000,000 operations with 
four 30-point levels (properly lubricated and adjusted). 


L/ANTRS 


Relays and Related Control Components 








ELECTRICAL DATA 

OPERATING SPEEDS-—Self-interrupt speed: 60 sps at 25°C on 
nominal voltage. Remote impulse speed: 30 sps at 25°C on 
nominal voltage with 66% make impulse. 

OPERATE & RELEASE TIME—Operate time: 20 ms at 25°C on 
nominal voltage. Release time: 10 ms at 25°C on nominal 
voltage. 

OPERATE & RELEASE VOLTAGE—Maximum pull-in at 25°C is 
75% of nominal voltage. Minimum dropout at 25°C is 3% of 
nominal voltage. 

BREAKDOWN TEST—1000v, rms, 60 cps, is standard. 

COILS—Coil resistances for typical voltages are shown below: 

VOLTAGE 1-6 LEVELS 9-12 LEVELS 
Vdc OHMS OHMS 
6 1.5 1.5 
12 6 6 

24 24 20 

48 100 70 

60 150 100 

110 600 400 


MECHANICAL DATA 

OVERALL DIMENSIONS—Length (maximum)—4-5/16 in. Height 
(1C interrupter, 1C O.N.S.)—2% in. Width—from 1-5 /16 in. for 
3 levels to 2-13 /16 in. for 12 levels. 

NET WEIGHT—From one pound for 3 levels to 1% pounds for 
12 levels. 

BANK CONTACT—Standard is phosphor bronze. Also available 
are coin silver or gold plated phosphor bronze. 

MAXIMUM BANK LEVELS 4 PILEUPS 
Type of operation (points) 10 
Bank levels maximum (electrical) 12 
interrupter springs 6 
Off-normal springs 6 
Number of ratchet teeth 30 

WIPERS—Standard wipers are non-bridging phosphor bronze 
with coin silver and gold-plated phosphor bronze available in 
either non-bridging or bridging models. 
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Volscan juggles 24 aircraft with AMP Programming 


Reliable is the word for Volscan. Designed and built by Avco’s Crosley Division to handle a tough job, it juggles up to 24 
aircraft at the same time—6 inbound and 18 outbound. It’s big, complex and completely trustworthy. It was this need 
for reliability that led Crosley engineers to call out the AMP Universal Patchcord Programming System. Used in the 
Syscom Schedule Correlation Unit AMP Programming shunts such vital data as range, azimuth, slope, level out and no 
passing zones into the computer. There's a host of unusual features in our Programming Systems that were needed on 
the Volscan—features that can help you, too, make better, safer equipment: universal, or shielded construction, positive 
wiping action between pins and springs, almost unlimited versatility and uniform electrical characteristics to meet the most 
exacting requirements. Our Patchcord Programming Catalog tells the whole story. Send today. 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


AMP products and engineering assistance are available through subsidiary companies in: Australia « Canada * England * France * Germany * Holland + Italy * Japan 
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A. M. Mayo 


Starts something 


Concerned with man-machine relationships off and 
on since he started in the aircraft industry in 1939, con- 
trol engineer Alfred M. Mayo last month embarked on 
what probably is his most challenging assignment. 
Leaving airframes behind, he joined the National 
Aeronautics and Space Administration in the Office of 
Life Sciences as the first assistant director for bioengi- 
neering. In this newly created position, Mayo will face 
four square the intriguing problem of instrumentation 
for present and future man in space programs. 

One of the things that excites Mayo about his new 
job is that for the first time he finds himself working in 
the life sciences when they have been placed on the 
same organizational level as the physical sciences. And 
this, he muses, is a far cry from the way the man- 
machine problem is usually handled. 

Al Mayo learned the aircraft industry from the bot- 
tom up. Newly married in 1939, he left the University 
of Idaho and headed to Southern California with his 
bride to make his fortune at one of the growing air- 
craft companies there. After several weeks of anxious 
looking, he finally accepted the best available offer—50 
cents an hour stamping numbers on airplane parts at 
Douglas Aircraft Co.—far from what he had envisioned. 

Undismayed by his starting take home pay of $17 
per week, Mayo diligently applied himself, impressed 
his superiors by his enthusiasm sufficiently to win a 
design job with the commercial transport section. His 
first important responsibility: developing cockpit con- 
trols for the DC-4 transport. 

Transferred to the military aircraft division in 1941, 
he was assigned to the air conditioning laboratory. 
A year later, Douglas put him in charge of the Air Con- 
ditioning Design Group and gradually expanded its 
functions to include cockpit design, instrument design, 
and personal equipment design. 

Here Mayo accomplished a variety of projects. He 
initiated effort on the first refrigeration system to be 
installed on a U. S. military aircraft (until 1943, forced 
air type ventilation systems were adequate for cockpit 
cooling). Much of his approach is still used in some jet 
aircraft today. His best known contributions, however, 
have been in the area of cockpit design and display. 

Mayo has been responsible for the cockpit designs 
of all Douglas-built Navy combat aircraft since 1944. 
In 1948, he headed a team of engineers to develop 
the military’s first successful rocket escape capsule. 
The work was so sound that some of the concepts and 
techniques developed for the Douglas escape capsule 
are being incorporated into NASA’s Mercury project, 
the U. S.’s first effort to put a man in space. 

Most recently, Mayo has earned a reputation as a 
man who gets thing done because of his work as coordi- 
nator of the Army-Navy Instrumentation Program 
(ANIP), a joint military effort to simplify the cockpit 
of fixed wing aircraft, a project on which Douglas is a 
prime contractor. One of the devices that Mayo is most 
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proud of is the contact analog (CtE, Dec. ’57, p. 29), 
a vertical display that shows the pilot electronically 
what he would see if he were looking out the windshield, 
only the contact analog works in any weather. 

Other radical byproducts of the ANIP program have 
been a flat transparent cathode ray tube (the display part 
of the contact analog) and a radio transmitter minia- 
turized to the size of an oatmeal flake. To Al Mayo and 
his associates of the ANIP program, a highly satisfying 
milestone was recently reached when the Navy an- 
nounced that the ANIP-inspired cockpit would be 
incorporated into a production aircraft. 

In 1951, Al Mayo paused in his headlong flight 
through man-machine problems long enough to com- 
plete his B.S. degree at the University of Idaho. His 
relationship with universities has been primarily as a 
faculty member. For 12 years he has been a guest 
lecturer in aeronautical engineering at the California 
Institute of Technology. Currently he is developing a 
lecture course on microelectronics for the University 
of California. 

Although his move to Washington will launch him in 
an exciting new direction, Mayo leaves the West Coast 
with considerable reluctance. He’ll particularly miss 
the facilities the Coast offered for his favorite diversion, 
skin diving. They’re not so good in Washington. One 
story his friends tell about him and his skin diving is 
typical of the fearless way they expect him to tackle his 
new responsibilities in bioengineering. On a recent skin 
diving and spear fishing expedition in Hawaii, Mayo 
suddenly found himself trailed by three sharks. Mayo 
flung his spear away and headed for shore, arriving un- 
scratched, but not until he had wacked the shark across 
the nose with his spear. 
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What’s new in Acro’s metal-clad 


switches? it’s Acro Lite... gives ‘you a Control Panel 
Directly on the Switch! 








NE | Acro’s “21st Anniversary” Acro-Lite Acts 
e as a Control Board Right on the Switch! 


FEATURES: @ Switching unit is replaceable without removing 

housing from its mounting 

® Choice of five different actuators 

“ Mounting is optional through any of the five 
mounting holes provided 

® Contact arrangement: single pole double throw. 
Internal switch has screw terminals 

® High capacity. Internal switch U.L. approved for 
21 amperes at 120, 240, and 480 V.A.C. Also 
approved 1 HP-120 V.A.C., 2 HP-240 V.A.C. 


Acro’s Small Sized Machine 
Tool Switch Handles Heavy Load 


Controls up to four separate 
circuits for either pilot or line 
duty. Perfect for machine 
tool and all production ma- 
chinery applications. Actua- 
tor is adjustable 360° in two 
planes. Basic switch is easily 
replaced. Dust-and oil-tight, 
long mechanical life, long 
overtravel. Meets NEMA 
and JIC requirements. 





Available in Two Types 


Double Action Type actuates 
switch contacts when actua- 
tor is moved either side of 
“at rest” position. Single Ac- 
tion Type operates from one 
side of “at rest” position only. 
Both designed for long life 
under heavy use. 


ELECTRICAL RATING 


2 H.P. 230 Volts A.c. 
1 H.P. 115 Volts A.c. 
20 Amps-250 Volts A.C. 


RELAYS 


ATC TRIO: 


SWITCHES 


“OUR 2ist YEAR” 
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This year — Acro’s 21st — introduces ACRO-LITE 
— a brand new feature that gives your customers visual 
evidence of performance —a miniature control panel 
directly on the switch! 

If you specify metal-clad switches in your product line, 
direct your purchase inquiry to Acro Switch. For Acro 
makes a complete, reliable line of metal-enclosed 
switches — that fill your needs for protective housings, 
with either side or flange mount casings. 


When Acro-Lite is Lit- 
the Switch is Powered! 


This miniature control panel consists of a neon light, 
built directly into the side of the switch. When the light 
is on, there’s power flowing through the switch. Or, if 
your product construction hides the switch from direct 
view — the light can be mounted remotely for easy visi- 
bility. Acro-lite offers high current ratings — 21 Amps 
— up to 2 HP. 

Switching unit completely enclosed in sturdy, lightweight 
aluminum. Rubber gaskets on all:removable parts of the 
housing. Neoprene boot seals the overtravel plunger, 
making the switch dust - and splash-proof; assures con- 
tinuity of repetition patterns. Connecting conduit (switch 
housing is internally tapped for 42” conduit) completes 
the seal. Light operating pressures, with close move- 
ment differential. 


Acro’s Model “B” Enclosed Switches 


Acro features a complete line 
of enclosed switches with 
many different actuators and 
styles available. Dust and oil 
type enclosure, with side or 
flange mounting. Replace- 
ment switch kit is available. 
Internal Switch 
Underwriters Laboratory approved 


Write for more detailed 
information on ACRO’s 
metal enclosed switches 
and take advantage of our 
free engineering service. 
We'll be happy to go to 
work on your specific appli- 
cation problem. District 
offices located in principal 
cities. 


ELECTRICAL RATING 


V2 Amp 120; ¥4 Amp 240 V.D.C. 
15 Amps; 120, 240 or 480 V.A.C. 


ACRO DIVISION 


COLUMBUS 16, OHIO 
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Mew sbreaks 
in Control 


@ Patent Troubles for Numerical Control 


New York—The patent situation in numerical control is about to become 
sticky. An old-line machine tool builder claims it owns basic patents in the 
positioning field, is ready to crack down on control companies it claims are 
infringing on these. If the company goes ahead, long-time litigation is pre- 


dicted. 


@ Computer Control for Blast Furnace? 


Chicago, IIl.—Inland Steel Co. and IBM are jointly studying the feasibility 
of controlling a blast furnace with a digital computer. The objective: to op- 
timize blast furnace operation, increasing throughput by cutting the time to 
process a heat and preventing low grade iron pours. A first mathematical 
model was rejected because it only considered four or five variables. Inland 
Steel feels at least 15 or 16 must be included, variables such as tempera- 
ture, humidity, size of charge, quality of ore, quality of limestone, etc. 


@ Solid State Cathode Tube 


San Francisco—Development of a solid state cathode tube, one of the most 
significant electronic innovations of recent years, will be announced in the 


next few months. The unique device is a byproduct of the Army-Navy In- 
strument Program. 


@ Simulated Fish For Underwater Propulsion Problems 


Pasadena, Calif.—Scientists at the California Institute of Technology have 
built a mechanical simulator that simulates movement of a fish’s body as it 
moves through the water. During a test when the simulator is placed in a 
water tunnel, scientists can change the amplitude and frequency of a wave 
moving down the “fish body”. Purpose of the study: to determine why 
fish move through the water 10 to 12 times more efficiently than anything 
man can build. 


@ Computer Program Blocks Tool Collisions 


Wichita, Kans.—On numerically controlled turret lathes which may have as 
many as three tool slides in motion simultaneously, destructive tool colli- 
sions have become a severe problem. To prevent such collisions, Boeing 
Aircraft Co. has developed a program for an IBM 705 computer to check 
the punched tapes prepared for a Jones & Lamson turret lathe. The pro- 
gram memorizes the spatial envelope of all the tools on the lathe and auto- 


matically rejects a tape which incorporates a collision course for any two 
tools. 
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WIRE AND CABLE 

















You have asked... 


Q. How is polyethylene tested 
for thermal stress cracking? 
And is there a standard test? 


A. There are a number of tests 
for investigating thermal stress 
cracking (cracking which 
appears as a result of high-tem- 
perature exposure combined 
with mechanical stress in the 
material when neither tempera- 
ture or stress alone would cause 
cracking). One of the tests in- 
volves wrapping an insulated 
wire around its own diameter 
and placing it in an oven at 
various temperatures. Then the 
length of time required for 
cracks to appear is noted. 


If the resin is susceptible to 
oxidation, a nitrogen or other 
inert atmosphere must be used. 
When comparisons are to be 
made, it is necessary to take 
into account the size and type 
of the sample, its previous his- 
tory, the test equipment and 
conditions, including the type 
of atmosphere. Users of wire 
and cable usually need not con- 
cern themselves with thermal 
stress cracking because, as a 
rule, no resin manufacturer will 
offer, and no wire manufacturer 
will use, resins that are in the 
least prone to thermal stress 
crack or to oxidative embrittle- 
ment. 


Field failures from this prob- 
lem should be unknown, since 
the suitability of a PE is usually 
determined long before the ma- 
terial appears on wire. Never- 
theless, thermal stress cracking 
should not be disregarded, par- 
ticularly if a user or manufac- 
turer is contemplating some 
sort of new or exotic resin. Res- 
in selection always should be 
made on a basis of clearly de- 
fined end-use properties. 


Du Pont does not manufacture wire and 
cable, but supplies thermoplastic resins to 
the wire and cable industry. 
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The dramatic space savings made possible through the use of control cables protected with Du Pont 
ALATHON polyethylene resin and ZYTEL nylon resin are shown in the illustration above. The newer cables 
(above) in the tray distribution system are connected to an older conduit system (below), which requires 


considerably more space. 


Dramatic space savings possible with 
control cables using ALATHON® and ZYTEL® 


Depending upon the number and size 
of the conductors, control cables using 
ALATHON and ZYTEL can save 20% to 
35% in thickness over the elastomeric 
constructions in the same class. Thus 
many more conductors can be installed 
in existing conduits, or additional space 
can be saved through the use of economi- 
cal tray distribution networks. 

The superior insulating qualities of 
ALATHON permit a thinner insulation of 
.015” to .030’’". As a secondary insula- 
tion, a .004” to .006” skin of ZYTEL im- 
parts exceptional abrasion resistance. 
Wear from flexing at contact points, and 
failures due to rough handling at termina- 
tion points are virtually eliminated. 

A high molecular weight jacket of 
ALATHON withstands weathering, envi- 


ALATHON’ 


POLYETHYLENE RESINS 


RULAN’ 


FLAME-RETARDANT PLASTICS 


ronmental stresses, corrosive elements, 
and abrasion. It allows miles of cables to 
be pulled through serpentine tray net- 
works without fear of “‘skin-back’’ or 
other physical faults, and where extreme 
mechanical abuse or chemical attack pose 
a problem, an outer armor of ZYTEL in- 
sures reliable service. 

You may find that the use of ALATHON 
and ZYTEL will give you increased reli- 
ability at lower cost. Find out how by 
consulting your wire and cable supplier, 
or write for Du Pont’s technical bulletin, 
“Signal and Control Cable Design.”’ Ad- 
dress: E. I. du Pont de Nemours & Co. 
(Inc.), Dept. E-7, Room 2507A, Nemours 
Building, Wilmington 98, Delaware. 

In Canada: Du Pont of Canada Limited, 
P. O. Box 660, Montreal, Quebec. 


ZYTEL 


NYLON RESINS 


Better Things for Better Living... through Chemistry 
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Data Logger Aids 
Medical Research 


PHILADELPHIA— 

First data acquisition system in- 
stalled at a hospital is gathering in- 
formation about the influence of 
environment as a factor in health 
and disease. First project of the 
Minneapolis-Honeywell Analog-Digital 
Recorder-Transcriber at Lankenau Hos- 
pital is the study of the effect of diet 
on human performance. 

Key variables in the experiment are 
temperature and diet. Two subjects 
live and exercise in a climatic chamber 
for periods up to 10 days during which 
humidity is rigidly controlled and tem- 
perature kept constant at 44 deg F. 
During this period they live on one of 
four experimental diets while up to 
40 body temperatures are scanned by 
the system at rapid intervals, con- 
verted to digital signals, recorded and 
typed out on log sheets, and coded on 
punched cards. 

Before installation of the data log- 
ging equipment, technicians at Lank- 
enau had to log the temperatures 
manually, then convert them by hand 
to punched cards for future data proc- 
essing. Computing the results of a 
single experiment sometimes took 
months. With the new equipment 
results of a test are ready hours after 
the run is ended. 


From the studies doctors hope to 
learn what happens to individuals on 
controlled diets during a wide range 
of environmental stress. 


Solid State Controls 
Run Transmission Station 


COLORADO SPRINGS, COLO.— 

First solid state remotely controlled 
automatic compressor station in the 
natural gas transmission industry has 
gone on line. With new controls, 
Colorado Interstate Gas Co. is run- 
ning a compressor station 160 miles 
from its headquarters here. 

A key part of the control is solid 
state digital telemetry equipment built 
by Southwestern Industrial Electron- 
ics Co. To change the flow of natural 
gas, Interstate’s dispatcher transmits 
over a microwave link the discharge 
pressure figure to the compressor sta- 
tion setpoint controller. By setting 
the discharge pressure controller at 
a specified value, the dispatcher deter- 
mines the amount of gas pumped by 
the station. 

At the controls located inside the 
compressor station, actual discharge 
pressure is compared to that telem- 
etered to the station, and any resulting 
error signal raises or lowers the speed 
of the engines. If the speed range of 
an engine is insufficient to meet the 


WHAT’S NEW 


new demand, a selector control will 
adjust the number of engines running. 

The system monitors all significant 
conditions affecting safety. The in- 
struments, says Interstate’s Operations 
Vice President N. B. Laubach, detect 
off limit conditions faster than an op- 
erator can. 


X-Ray Gage Mechanizes 
Belt Calendering 


AKRON, OHIO— 

Two x-ray thickness gages, one in 
front of and one behind the calender- 
ing rolls of a belting mill, are con- 
trolling the uniformity of belting as 
it passes through a new $1,600,000 
unit at the Goodyear Tire and Rub- 
ber Co.’s Akron plant. Electronic 
control of the two story high unit for 
the first time mechanizes the calender- 
ing operation at high speed. 

One x-ray device senses the gage 
of incoming components and reports 
thickness to an electronic control 
panel. The second measures the belt- 
ing after it has passed through the cal- 
endar to determine final thickness. 

The electronic control increases 
throughput and permits greater free- 
dom in compounding materials, may 
lead to new belting materials of im- 
proved performance. 





Ceramic Gyro with a 
Gas Bearing 


A 10 to 1 improvement in drift rate and a 30 to 1 reduc- 
tion in noise is promised by a new miniaturized floated 
gyro demonstrated by Minneapolis-Honeywell last month. 
The improvement stems from two developments: a gas 
(helium) bearing for the spin motor, and ceramic parts for 
the gimbal structure and spin motor stator. The photo shows 
the ceramic parts in the spin motor and gimbal structure. 

Because the spin motor has ceramic journals, the gyro can 
have a gas bearing and still be miniaturized. Tolerance on 
the journal is held to 25 miilionths of an inch because 
the ceramic can be ground to a fine finish with diamond 
wheels, Previous miniature gyro designs have employed ball 
bearings which cannot be held to such tolerances. 

Engineering models of the new design are scheduled to 
be ready later in 1960. Production will start in 1961. Next 
step for Minneapolis-Honeywell: to incorporate the gas bear- 
ing and ceramic design into miniaturized accelerometers. 


JULY 1960 





& ss 
bo 


DISTRIBUTION NETWORK OFFERS MAXIMUM SERVICE 


TO BENDIX CONNECTOR CUSTOMERS 


Important Supplement to Factory Facilities: 


This distribution network was built to serve you 
promptly from strategically located stocks—and 
is, in effect, an extension of the same quality custo- 
mer service we maintain at our Sidney plant. Rigid 
factory assembly and quality control standards 
are observed at all our field locations. Check the 


appropriate map section for the source nearest you. 


) WESTERN STATES 


DISTRIBUTION CENTERS: 
LOS ANGELES 16, CALIFORNIA 
Avnet Corporation, 5877 Rodeo Rd. 
SUNNYVALE, CALIFORNIA 
Avnet Electronic Corporation of Northern California 
1262 No. Lawrence Rd. (P. O. Box 568) 


SALES OFFICE & FACTORY BRANCH: 
LOS ANGELES, CALIFORNIA 
117 E. Providencia Ave. 
Burbank, Calif. 


SALES OFFICE: 
SEATTLE, WASHINGTON 
8425 First Ave. S. 


NORTHEAST & GREAT LAKES STATES 
DISTRIBUTION CENTERS: 
WESTBURY, LONG ISLAND, N. Y. 
Avnet Electronic Corporation 
70 State St. 
MELROSE PARK, ILL. 
Avnet Electronic Corporation of Illinois 
2728 No. Mannheim Rd. 
SALES OFFICES: 
NEW YORK CHICAGO, ILL. 
545 Cedar Lane 4104 N. Harlem Ave. 
Teaneck, N. J. 
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SOUTHEASTERN STATES 

DISTRIBUTION CENTER: SALES OFFICE: 
MIAMI, FLORIDA ORLANDO, FLORIDA 
Airwork Corporation 1922 Taylor Ave. 
1740 N. W. 69th Ave. Winter Park, Fla. 


SOUTHWESTERN STATES 

DISTRIBUTION CENTER: SALES OFFICE: 
DALLAS 7, TEXAS DALLAS 35, TEXAS 
Contact Electronics, Inc. 2608 Inwood Rd. 
2403 Farrington St. 


MIDDLE ATLANTIC STATES 

DISTRIBUTION CENTER: SALES OFFICE: 
PHILADELPHIA 3, PA. WASHINGTON 4, D. C, 
Harold H. Powell Compdny ‘1701 K St., N. W. 
2102 Market St. 


& EXPORT AND CANADA 
EXPORT: 
BENDIX INTERNATIONAL DIVISION, 
BENDIX AVIATION CORPORATION 
205 E. 42nd St. 
New York 17, N. Y. 


CANADA: 
Aviation Electric Ltd., 
200 Laurentien Bivd. 
Montreal 9, Quebec 


Scintilla Division Bay. 


Sidney, N. Y. 
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NAVY ELECTRONICS LABORATORY: 
Control Problem Potpourri 


Build a war games simulator? Evaluate a computer-controlled warn- 


ing system? Develop information about velocity of sound in water 
for antisubmarine work? Measure electric potentials from the human 
body and use them for control?—These are some of the problems 
tossed at the Navy Electronics Laboratory by the U.S. Navy. 


SAN DIEGO— 

When the Navy’s Bureau of Ships 
has a tough electronic instrumentation 
or control problem to solve, the Bu- 
reau is likely to look across the coun- 
try to the highly diversified Navy 
Electronics Laboratory that looks 
down on San Diego Bay from the 
cliffs of Point Loma. 

In recent years, NEL has solved a 
variety of unique problems for the 
Navy: the laboratory has built a giant 
analog computer to simulate war 
games for the Naval War College 
(CtE, Dec. °58, p. 21); it is now 
setting up to evaluate the digital com- 
puter equipment for the Navy’s Tac- 
tical Data System, a sea-going SAGE 
type of aircraft warning system to 
protect the fleet; it is probing a variety 
of man-machine systems with the ul- 
timate objective of making Navy elec- 
tronic equipment easy to operate and 
easy to maintain; and it is performing 
fundamental studies in oceanography 
to unlock the secrets of sound trans- 
mission in water. 

NEL was formed in 1946 from two 
war-originated laboratories. In 1940, 
the Navy had founded the Radio and 
Sound Laboratory in San Diego so 
that experiments on radio and sound 
gear could be carried out close to the 
ships that were always stopping at the 
famous Naval Base there. Later dur- 
ing the war, the University of Califor- 
nia Division of War Research was 
formed in San Diego for the same rea- 
son to investigate antisubmarine war- 
fare techniques. When the war ended 
and the University decided to close 
out its activity, the Navy stepped in, 
formed NEL from the two organiza- 
tions. 

The early background in underwater 
studies has probably exerted the 
strongest influence on NEL. Despite 
a growing interest in a variety of fields, 
the laboratory is still heavily oriented 
towards underwater research. 
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Composed of a civilian force of 
1,200, of which 400 are engineers and 
scientists, the laboratory has divided 
its technical activities under Techni- 
cal Director F. N. D. Kurie into two 
groups, each headed by an associate 
director. One group, called research, 
has a human factors division, a signal 
propogation division, a special research 
division, and a technical information 
division. The other group, develop- 
ment and engineering, is made up of 
an engineering division, an acoustics 
division, an electromagnetics division 
and a systems division. 

* Potential from the eye—Work of 
any one of these divisions might vary 
from solving a practical hardware 
problem to investigating what right 
now is only a scientific curiosity. In 
the human factors division of the re- 
search group, for example, projects 
range from telling manufacturers the 
problems of maintaining electronic 
equipment on ships to pulling elec- 
tric potentials from a man’s eyes to 
direct a light beam. As the subject’s 
eye moves, the beam follows. 

The latter is just 2 scientific trick 
with not much operational promise, 
says Dr. E. H. Kemp, head of the 
huinan factors division. But it has 
been done at NEL and investigations 
of electrical potentials generated by 
human beings may have plenty of fu- 
ture importance. One startling pos- 
sibility NEL is studying: the relation 
of such potentials and human stress. 
It may be possible to spot pressures 
building up in human behaviour by a 
voltage measurement, More mundane 
work by the visual section is aimed 
at making better use of the visible 
spectrum for light gathering and meas- 
urement devices. 

In another human factors labora- 
tory, engineers are studying readout 
devices, trying to learn what informa- 
tion equipment operators really need. 


They are evaluating electrolumines- 
cent material as a display tool, and 
devising antisubmarine warfare dis- 
plays for digitally processed data. For 
such an application, NEL specialists 
say, the old familiar Plan Position In- 
dicator is not satisfactory because there 
are too much data to present. Instead, 
NEL has come up with two different 
techniques, one electronic, the other 
electromechanical. 

The design for maintainability sec- 
tion, a new area of the human factors 
division, has some ambitious plans: to 
devise a universal electronic bench for 
Navy maintenance men, to develop 
recommendations for test equipment 
that is smaller and more portable, to 
standardize wiring diagrams, and to 
encourage the incorporation of auto- 
matic checkout equipment in more 
electronic gear. 

e Electronic architecture — One of 
the most frequently visited spots at 
NEL is the model antenna range 
where engineers study the electronic 
architecture of proposed ships. Electro- 
magnetic radiations are beamed to 
1/48th scale models of ships which 
are mounted on a 22-ft turntable. De- 
tail of the accurately reproduced mod- 
els follows the actual design exactly. 
The models, which can cost up to 
$10,000 apiece and are made of brass 
to simulate the electronic proper- 
ties of steel faithfully, cruise on a 
sprayed lead ocean. Lead was chosen 
because it duplicates the properties 
of ocean water. 

Major objectives of the test are to 
determine antenna impedance and di- 
rectivity, and to spot any ship feature 
that might interfere with electromag- 
netic radiation. In a test to determine 
impedance, a continuous signal, in 
the 2-30 megacycle range, is trans- 
mitted to the model, picked up by the 
ship, and transmitted back to a con- 
sole where it is then recorded. In a 
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NEW 
STROMBERG-CARLSON 


TELEPHONE 
HANDSET 


... for positive retention 
in all mobile applications 


There’s no jump, no sway—when a 
telephone handset is in the firm 
grip of this new handset cradle by 
Stromberg-Carlson. 

Retaining clip spring assembly 

in assures posi- 

tive retention 

in any mobile 

application on 

land or sea, or 

in the air. 

Evenextreme- 

ly severe jars, 

jolts and vibrations fail to dislodge 
the handset. 

The cradle is strong and resili- 
ent, fits any Stromberg-Carlson 
handset. Different models provide 
varying switch combinations with 
2 or 4 Form C contacts. All models 
available with or without the clip 
assembly. 

Specifications on request. In At- 
lanta call TRinity 5-7467; Chicago: 
STate 2-4235; Kansas City: HAr- 
rison 1-6618; Rochester: HUbbard 
2-2200; San Francisco: OXford 
7-3630. Or write to Telecommuni- 
cation Industrial Sales, 112 Carl- 
son Road, Rochester 3, New York. 
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directivity test, the signal will be 
transmitted to the ship while it ro- 
tates on its turntable. As a result of 
such studies, major changes have been 
made in BuShip’s plans—a superstruc- 
ture has been lowered, an antenna 
moved, or a frequency modified. 

¢ The sea’s mysteries—F undamental 
oceanographic studies take up a big 
part of NEL’s activities. And the 
work is broad. One study is aimed at 
understanding more about how the 
velocity of sound in water changes 
with ocean currents and temperatures. 
Another is concerned with the effect 
of waves. Still another is trying to 
answer the question: What is in the 
sea that makes it possible to detect 
something? (NEL’s oceanographic ac- 
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tivities will be reported in detail in 
a technical article on underwater stud- 
ies in a future issue of CtE.) 
Because much of the activity at 
NEL is classified, the laboratory’s ac- 
complishments and capabilities are 
sometimes overlooked. Some of its 
most intriguing projects can just be 
mentioned. For example, Project 
Omega, a highly accurate navigation 
system that will enable ships to posi- 
tion themselves on the ocean, is still 
under wraps. But when it is unveiled, 
it may open up some new horizons. 
For in this system, NEL has devel- 
oped a technique for penetrating to 
some extent sea water with very low 
frequency radiation. 
—Lewis H. Young 





GE's Plunge into Data Processing 


PHOENIX— 
Into the already crowded data proc- 
essing field, General Electric last 
month proudly introduced its entry, 
an all-transistorized medium priced 
computer called the GE 225 Informa- 
tion Processing System. To help crack 
this highly competitive field, GE will 
rely on experience picked up marketing 
computers for other applications. 

P Item. GE has sold 18 312 proc- 
ess control computers to users in the 
utility and steel industries. 

P Item. GE is currently delivering 
14 ERMA systems to the Bank of 
America; ERMA is a complex banking 
accounting system which uses two 
digital computers. 

> Item. GE is selling one of the 
ERMA system computers as the GE 
210 to banks whose work load does 
not justify a complete ERMA system. 

P Item. GE is building a large 
sized data processing system which is 
being marketed by National Cash 
Register Co. as the NCR 304 com- 
puter. 

e Flexibility on the periphery—The 
big feature which GE is selling in the 
225 system is flexibility for operating 
peripheral equipment—the flexibility 
of a high priced system at low cost. In 
the GE design, which costs from 
$125,000 to $400,000 depending on 
peripheral equipment, each piece of 
peripheral equipment has direct access 
to the machine’s memory since each 
has its own control to tell where to 
look for information and how much 
to look for. Normally, the counters for 
such control are part of the computer 
control unit so that only one piece of 
peripheral equipment can be ad- 
dressed at a time. 


This feature means GE’s 225 sys- 


tem can simultaneously run many 
pieces of ancilliary gear, for example, 
write with three magnetic tape units, 
read with three magnetic tape units, 
and run a high speed printer—and still 
have some time left for computation. 

Such flexibility makes the machine 
look promising for a variety of applica- 
tions where input or output is the 
problem rather than computational ca- 
pabilities. For example, the 225 is to 
be used as an input-output device at 
the data processing facility of a gov- 
ernment agency—to convert the infor- 
mation on several tape transports to 
hard copy through a high speed 
printer. Another intriguing applica- 
tion is in inventory control. The abil- 
ity to command multiple peripheral 
gear makes it possible to run one to 
four random access memories at the 
same time with the 225 computer. 

Other features—Because each 
piece of peripheral equipment has its 
own control built right in, the equip- 
ment can be plugged into the informa- 
tion system by a standard electrical 
connection, a feature GE calls Data 
Mating. 

In keeping with the accent on flex- 
ibility, GE has designed the 225 sys- 
tem to read and punch either binary 
or alphanumeric cards. This means it 
is possible to save considerable time 
when loading the memory. Binary 
cards can be used for the program and 
alphanumeric cards for input data. 

Computational speed of the new 
machine is not exceptional, though 
the 225 is relatively fast for a medium 
priced computer. Add time is 40 
microsec; multiply, 250 microsec; and 
divide, 500 microsec. 
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Measurement 
deviation... 


plus 
indication... 


plus 
valve position... 


ON ee ee 


you get them all 
with this 


Foxboro electronic 
control station 





Shown here actual size —> 


One 3” x6” panel station containing all control and deviation indicator for readability of %2% full scale. 

supervisory functions — that’s the Foxboro Electronic * valve position indicator for continuous, horizontal-scale 

Consotrol* Controller. All d-c input — all d-c output — indication of valve opening. 

all solid state. Operates completely independent from ¢ simple auto-manual transfer switch for smooth, bump- 

recording. less transfer. 

And look at these other features: Foxboro electronic Consotrol control stations are avail- 

® measurement and deviation indicator gives continuous able for cascade, ratio and auto-selector systems. Ask 
indication of process measurement as well as showing your Foxboro Field Engineer about them —- or write for 
the deviation from set point. Bulletin 21-10. The Foxboro Company, 857 Neponset 


¢ calibrated set point dial, with 434” scale, used with Avenue, Foxboro, Massachusetts. 
*Reg. U. S. Pat. Of. 


The FOXBORO 


Standard 9” x 6” housing Controller and recorder Proportional — reset — 
holds 3 control stations, each slide out from panel derivative: all adjusted 
or | station with a com- for easy servicing. from the front. 

panion recorders, 
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How RE 








handles numbers that 


could circle the world 21 times 


Recomp can handle a floating point number greater 
than four billion factorial... or larger than the figure 1 
followed by 41 billion zeros. Typewritten, the number 
would stretch around the world two-and-one-half times. 

Recomp is a low-cost, general purpose, digital com- 
puter—the original solid state computer with proven 
reliability. Its built-in floating point arithmetic and 
square root instructions come as a standard feature 
among RECOMP’S 49 commands... at no extra cost. 


Easy to operate, easy to program ...RECOMP has a 
storage capacity of over 8000 instructions, simplified 
coding, fingertip control console with digital readout 
panel, and a high-speed photoelectric tape reader. 

High-powered RECOMP is designed to solve problems 
of engineering, science, and industry. For information 
on how RECOMP can solve your special problems, write 
Autonetics Industrial Products Division, Dept. 304, 
3584 Wilshire Boulevard, Los Angeles 5, California. 


Autonetics @) 


INDUSTRIAL PRODUCTS 


A DIVISION OF NORTH AMERICAN AVIATION, INC. Other offices: Chicago, New York, Washington, 0.C. 
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EUROPEAN 
REPORT 


An aircraft company, 

De Havilland Propellors Ltd., 
strives for diversification with 

this analog control computer 
designed for the process industries, 
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Four New Electronic 
Process Controls Debut 


at Britains IEA Show 


LONDON— 

Electronic process control has ar- 
rived with a vengeance in England. 
At the Third International Instru- 
ment, Electronics, and Automation 
Show last month, visitors saw for the 
first time the electronic systems devel- 
oped in the U.S. by Foxboro, Taylor 
Instruments, and Minneapolis Honey- 
well, could compare them to four 
brand new British systems. 

To British engineers, not completely 
happy with England’s progress in con- 
trol hardware (CtE, May ’60, p. 42), 
the sight of new English control sys- 
tems was a harbinger of better things 
ahead. The four new systems: 

> Bailey Meter and Controls (Lon- 
don) has developed a system independ- 
ently of the U.S. Bailey Meter Co. 
and the French Controle Bailey, both 
cf whom have already announced elec- 
tronic process control systems. The 
English system uses a uniform 0-10 
ma dc input-output level with force 
balance transmitters generating flow 
and pressure signals. Capacitance 
bridge circuits with transistorized 
local oscillators convert level signals 
into 0-10 ma dc outputs. 
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In the controller proportional and 
reset circuits, transistor circuitry per- 
forms the functions of chopping, am- 
plification, and phase-ensitive rectifi- 
cation. Proportional band control 
extends from 2 to 200 percent; reset 
time from 3 sec to 30 min. 

A variety of actuators are available 
for use with the British Bailey system: 
a low power electric system for valve 
sizes up to 4 in. standard pneu- 
matic valves with an electropneumatic 
converter; and a unique all-electric 
system that can turn 3,000 Ib-ft 
through 90 deg within 10 secs. 

Fielden Electronics offers a new 
system that is highly versatile. A user 
has a choice of transducer output sig- 
nals—between zero and 15 and 3-15 
ma dc, transmitters—differential trans- 
formers or capacity force balance, and 
control panel display—circular or strip 
chart or meter. 

Circuitry of the three-term control- 
ler, which is a separate panel mounted 
unit, combines transistors and vacuum 
tubes. A transistorized chopper am- 
plifier supplies the 1 to 300 percent pro- 
portional output. Reset times from 3 
sec to 30 min are supplied by a bal- 


anced cathode follower pair, operating 
as impedance converters with RC cir- 
cuits in their grids. Outputs feed 
either electropneumatic converters or 
an electric valve positioner. 

PR. B. Pullin Ltd. is manufactur- 
ing an electronic process control sys- 
tem which was designed in Italy by 
Guardigli. This control is intended 
primarily for boiler applications. 

It uses stepping pulse remote indi- 
cation systems for pressure, tempera- 
ture, position, and flow. 

The three-term controller of this 
system has a noncontacting dcac 
converter in which dc modulation of 
a neon lamp generates a proportional 
ac signal via a photosensitive resistor. 
The control output feeds an electro- 
hydraulic valve in which a reversible 
induction motor drives an integral oil 
pump within the valve to power the 
stroke. Reversing the oil flow re- 
verses the valve stroke. 

> Lancashire Dynamo, a well-known 
supplier of motor speed drives, has 
started a major effort to market prod- 
ucts in the process control field. Its 
first: a new electronic control system. 
Previously the company had some ex- 











HIGH PRECISION, SUBMINIATURE POTENTIOMETERS 


FOR MISSILES AND AIRCRAFT... 


FOR EXTREME PRECISION IN MINUTE PACKAGE... 
single-turn potentiometers are available that provide maximum relia- 
bility and precision in units from 25% to 40% smaller than com- 
petitive models . . . the world’s smallest ten-turn pot is also available 
in this line. 


FOR STABILITY OVER EXTREME TEMPERATURE RANGE 
...a series of high-temperature, high-performance potentiometers, 
weighing less than ten grams, easily withstands the environmental 
rigors of airborne applications ... operating ranges up to +250°C. 
FOR GREATER FLEXIBILITY AND RELIABILITY .. . a series 
of high-precision, subminiature potentiometers can be readily ganged 
without the use of bulky clamping rings, and each wiper positions 
independently to meet any phasing need... the MILPOT line of 
the highest quality potentiometers is designed to provide maximum 
reliability and accuracy in rugged environmental applications where 
space is at a premium. 

For full specifications on the complete line of MILPOT potentiom- 
eters, write for Data File CE-1114-1. 
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Model 304 submin- 
iature single-turn 
potentiometer 

Series 341 multi- 

turn high precision 

potentiometers 


Series 319 gangable 
potentiometers 


— 
DAYSTROM sg INCORPORATED 


PACIFIC DIVISION 
9320 Lincoln Boulevard, Los Angeles 45, Calif. 





BIG POT 
PERFORMANCE 
from 
TINY 
POT PACKAGES 


MINIATURE WIRE-WOUND 
> GANGABLE POTS (Model ? 19) 
= solve many complex phas- 
S ing, reliability, space and 

linearity problems, Each 
ganged section is %” x %” high and is 
ganged without clamping rings for 
exceptional stability. By means of an 
exterior access opening, each wiper is 
independently adjustable through 360°. 

Maximum reliability is ensured by a 

rugged plastic body, even step linear- 

ity, fine resolution, low noise charac- 
teristics and long life over a range of 

100 ohms to 200K. 


SUBMINIATURE TEN-TURN POTS 
(Model 341) are the smallest 
ten-turn pots available. Just 
4%” x 1”, they combine rugged 
mechanical construction with 
precise electrical characteristics 
to withstand severe shock or 
vibration without loss of stability. 
Unique “V” guides and spring-loaded 
rods eliminate backlash. Superior heat 
dissipation allows power ratings up to 
2.5W at 40°C. Wipers on either side 
of the resistance element provide out- 
standing resolution from 1K to 600K. 


For complete specs on these extraordi- 
nary units, contact our Representative 
in your area, or write for Data File 
CE-1119-1, 
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Typical of the surging 
activity in new electronic 
process control is this 
hardware developed by 
London’s Bailey Meter 
and Controls Ltd. 


perience building controllers, record- 
ers, and actuators for such industries 
as sugar refining. Now, Lancanshire 
Dynamo has repackaged its controller 
as a panel mounting instrument. 

The new controller has hybrid 
vacuum tube-transistor circuitry. Each 
term of the three-term unit is gen- 
erated on a separate plug-in printed 
circuit board. One reason So the 
hybrid approach is to make the con- 
troller compatible with other manu- 
facturers’ actuators. With this ar- 
rangement, the controller output range 
is adjustable between zero to 5 ma de 
and zero to 30 ma dc. 

¢ Big bulge in British plans—Experts 
attribute the domination of process 
control at this year’s show—the biggest 
since it started with an attendance of 
65,000—to the expansion plans that 
British petroleum and chemical com- 
panies have underway, bigger than any 
other segment of industry. Since a 
number of British manufacturers are 
diversifying, process control looks like 
a good spot to start today. 

An example of a company trying 
to diversify is De Havilland Propellors 
Ltd., which demonstrated a new time- 
shared solid state analog computer. 
Called the Anatrol, the device is a 
low priced system, designed to sell for 
about $15,000 complete with ancil- 
laries. Because of its low price, De 
Havilland feels it has a promising fu- 
ture in price arent applications 
even though it is not a digital machine. 

A typical Anatrol unit has three 
amplifiers and one multiplier block. 
Its input capacity is 42 channels. For 
more channels, a second unit can be 


connected in series. The machine 
can perform normal arithmetic opera- 
tions, differentiation, (either by analog 
or difference methods), and integra- 
tion (by analog or time amplitude 
sampling). 

¢ Other industrial displays—Outside 
the process control field, there were a 
few other unusual displays: 

P Desktop statistical computer by 
GPS Ltd. Tapped transformer cir- 
cuits allow direct meter indications of 
mean value and standard deviation. 
Input data on the number of pieces 
in each of 10 classes is entered by 
pushbutton. Cost: about $1,000. 

> Electroluminescent materials and 
a miniaturized silicon photovoltaic cell 
in an airborne digital recorder by the 
Royal Aircraft Establishment. A 16- 
mm film runs through the camera in 
direct contact with an electrolumines- 
cent matrix. Illumination of the ma- 
trix element records binary informa- 
tion onto the film without any 
intermediate lens system. 

> New analog-to-digital converter by 
Bristol Electronics Ltd. This provides 
an eight-bit binary output, has auto- 
matic correction feature for overall 
system gain and level variations. 

Stock control computer by Elec- 
tronic Machine Co. Costing $14,000, 
this machine is designed to handle 
inventory problems for medium-sized 
companies. A 44-track magnetic drum 
stores the inventory. On demand, the 
system will display on indicators the 
number of a particular item in stock 
and the number of goods involved in 
the transaction. 


—Derek Barlow 
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RUM, Remote Underwater Manipulator, performs on the 
beach, working its mechanical arm and trailing its coaxial 
cable through which control signals are transmitted. 


4,800 - volt, 60 -cps power 
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Remote Underseas Explorer 


LA JOLLA, CALIF.— 
A remote-controlled vehicle, capable 
of exploring the ocean floor to depths 
of several thousand feet, is the newest 
evidence of the U. S. Navy’s interest 
in the world’s oceans and what lies 
under their surfaces. Demonstrated 
at the Scripps Institute of Oceanogra- 
phy (Newsbreaks, June ’60, p. 18), the 
1l-ton Remote Underwater Manipu- 
lator (RUM) is equipped with a 1,400- 
Ib mechanical manipulator to pick 
geologic specimens off the ocean bot- 
tom. Four television cameras send 
back two or three dimensional visual 
pictures of what an operator might 
see if he were inside the vehicle. 
This first underwater research ve- 
hicle is a breadboard. In its first pub- 
lic showing, RUM embarrassed its 
designer, Dr. V. Anderson of the 
Scripps Marine Physical Laboratory, 
and its sponsor, Commander D. Las- 
sell of the Office of Naval Research, by 
suffering two successive power out- 
tages, the result of component failures. 


But the difficulties at the premier pub- 
lic test did not destroy the scientific 
usefulness of RUM, rather they 
= out that oceanographers will 
ave to learn to grapple with the ad- 
ditional problem of reliability of elec- 
tronic equipments from now on. 
RUM is a converted Marine Corps 
tank whose engines have been replaced 
by electric motors, whose gun has been 
replaced by a specially modified me- 
chanical arm built by General Mills 
Co., and whose turret has been re- 
placed by a reel of coaxial cable 5 
miles long. Through the cable, one 
end of which is connected to the con- 
trol trailer on the beach, a shore-based 
operator transmits control signals, the 
power to run the motors, and receives 
TV pictures of the ocean’s bottom. 
In addition, this new underwater 
vehicle is equipped with sonar equip- 
ment to spot sharp rises and drops in 
the ocean bottom. The sonar will 
prevent the vehicle from falling into 
marine ravines or butting against sub- 


merged mountains. The Navy hopes 
to win congressional approval—and 
funds—to build a more streamlined 
underwater vehicle. 

¢Submarine multiplexer—Probably 
the key to the remote control is the 
multiplexing system that permits 48 
channels of information to be han- 
dled on the coaxial cable along with 
the 4,800-volt power which propels 
the vehicle and runs the manipulator. 
The control system, designed by the 
Marine Physical Laboratory, is fre- 
quency multiplexed; it employs three 
carriers—22 kc, 52 ke, and 70 kc—and 
each carries '16 subcarriers. 

In RUM, whose controls were de- 
signed primarily to prove the feasibil- 
ity of remote control over a 5-mile 
cable, all control actions are on-off. 
There is no proportioning. To move 
the manipulator hand, for example, 
the operator sends “‘on” signals down 
the cable until the hand reaches the 
desired point. 

Although the cable remote control 
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THIS 
2-CHANNEL 


DIRECT WRITER... 


Se Sana cmemteteietanael 


“Sanson Aecoriiny Prmapyer 


mounts in 10%” of rack space 
or in a separate portable case 


interchangeable “* 850”’ Series plug-in 
preamplifiers for each channel 
! 


SANBORN Model 297 Oscillographic Recorder 


SE and versatility without loss in perform- 
ance is the design concept for this new 2-Channel 
Direct-Writer from Sanborn. The Model 297 provides 
two complete recording channels in only 1014” of panel 
space, making it extremely useful as a monitoring 
recorder — integrated with large instrumentation set- 
ups in data processing installations, test stands and 
similar applications. In its own portable case, the Model 
297 will be equally useful in laboratories and field applica- 
tions as a bench-top instrument. 


Preamplifiers are ‘850’ Series plug-in interchangeable 
units, available in Carrier, DC Coupling, Phase Sensi- 
tive Demodulator, and Low Level types. They may be 
used in any combination, one for each channel. An in- 
ternal MOPA for carrier and chopper excitation is also 
available. 


The basic recorder assembly houses a preamplifier 
power supply, transistorized power-amplifier power 
supply, and two transistorized current-feedback power 
amplifiers with built-in electrical limiters that provide 
damping at all times. The entire unit has built-in 
forced filtered air cooling. 


The recording mechanism has rugged, enclosed gal- 
vanometers with velocity feedback damping ... 4 
different chart speeds selected by push buttons . 

timer/marker stylus with 1 second timer... approxi- 
mately 6 inches of visible chart with immediately visible 
traces made by heated stylus. The electrical and me- 


chanical specifications in combination with the many 
“big system’’ operating features make the compact 
Model 297 one of the most useful, reliable 2-channel 
direct writers available. 


Contact the Sanborn Sales-Engineering representative 
nearest you or write the main office in Waltham for com- 
ee information and application assistance. Sales- 

ngineering representatives are located in principal 
cities throughout the United States, Canada and foreign 
countries. 


Model 297 2-Channel Recording System Specifications 
(Less plug-in preamps) 
Sensitivity: 0.1 volt/mm nominal 


Frequency Response: DC to 125 cps within 3 db, 10 mm 
peak-to-peak amplitude 


Gain Stability: Better than %4% from 20°C to 40°C or line 
voltage change from 103 to 127 volts 

Linearity: Max. non-linearity is 0.2 mm 

Electrical Limiting: Approximately «115% of full scale 


Chart Speeds: 1, 5, 20, and 100 mm/sec. by mechanical 
push button 


Dimensions: 10%" high x 16" deep x 19” wide 
Paper Take-up: electrically operated 


(Specifications are subject to change without notice.) 


SANBORN COMPANY 


Industrial Division 
175 Wyman Street Waitham 54, Massachusetts 
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NeW oplue-in timer 


EAGLE’S HPS CYCL-FLEX 


Offers: 


° Fast, easy installation 
° Quick change of time ranges 
© Quick means of localizing trouble 


—— 





INTERNAL TIMER 
SHOWN SCHEMATICALLY 


To Remove: Lift handle and pull out 





With 4 switches— 2 switches operate 


instantly when timer is energized — 2 a a 
2 INSTANTANEOUS 2 DELAYED 
CONTACTS CONTACTS 


switches operate with time delay — delay aioe tik a tele 














time adjustable — selection of dials from 
; PRODUCTION “"tse5"* 
10 seconds to 60 hours. Dept. CE-760 ENGINEERING 


NAVY PIER, CHICAGO 
BOOTH NO. 381 











SIGNAL COMPANY 


Moline, Illinois 


The Most Complete Line of Time-Count Controls 
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system works satisfactorily, the infor- 
mation gathering aspects are not so 
good. The 4,800-volt power signal 
introduces noise into the TV picture, 
interfering with the view. 

¢ Underwater hands—The General 
Mills manipulator, a mechanical hand 
and arm mounted on a boom, is ca- 
pable of movement in eight modes: 
handgrip, wrist rotation, forearm flex- 
ing, upper arm flexing, continuous 
shoulder rotation, boom flex, boom 
elevator pivot, and azimuth rotation. 
The first five are electromechanically 
operated; the last three are hydrauli- 
cally actuated, servo controlled. 

To work underwater the manipu- 
lator required some intriguing design 
changes. For example, the entire unit 
had to be flooded with oil and sealed. 
The pressure of the oil is equalized 
with sea water pressure as RUM is 
submerged. In the arm a commutator 
at every joint carries electrical leads 
through to the dc shunt wound 
motors that drive gearboxes to pro- 
duce the movements of the hand. 

¢ Underwater eyes—Four television 
cameras are mounted on the vehicle, 
primarily to help the operator run the 
manipulator. The cameras, built by 
the Orbitran Co., Inc., Lakeside, 
Calif., are housed in a steel casing 
capable of withstanding 10,000 psi. 

One central control unit is also car- 
ried on the vehicle. It contains the 
power supply for each of the four 
cameras, video switching, and power 
amplifiers to transmit the signals to 
the shore. Through the central con- 
trol unit, any one of four camera im- 
ages can be selected for transmission 
to monitors, or the images of any two 
cameras can be sent back simultane- 
ously for three dimensional viewing. 

When the image of one camera is 
called for, the picture is transmitted at 
the rate of 15 scans or frames per 
sec, about the same speed a home 
movie camera photographs. If a three- 
D view is wanted, the images of two 
cameras are intermittently transmitted 
at 74 scans per sec. 

¢ RUM’s work—Although it is pos- 
sible to assign a number of military 
functions to a vehicle like RUM, such 
as finding enemy mines underwater 
and surveillance, RUM’s prime pur- 
pose is scientific investigation, particu- 
larly of subterranean geology. Previ- 
ously geologists interested in the 
substrata of the ocean’s floor have had 
to pick samples as if they were blind- 
folded. Now, looking at the ocean’s 
floor through RUM’s TV vehicle, sea 
geologists will be able to pick and 
choose their samples systematically. 
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ASSIGNMENT: HIT A TARGET 6000 MILES AWAY 


Can you guide a 110-ton Air Force Titan missile System keeps its master control equipment on the 
far up into the sky, to bring its nuclear warhead ground where it can be used over and over again. 
down with pinpoint accuracy on a target one- Thus a minimum of equipment is carried in the 
fourth the way around the globe—a target you not missile, and the ground station has full control 


only can’t see but which continually 
moves with the spinning earth? 
This was the problem in missile 
guidance the Air Force presented 
to Bell Telephone Laboratories and 
its manufacturing partner, West- 
ern Electric. The answer was the 
development of a command guid- 


of the missile during its guided 
flight. Techniques drawn from the 
communications art render the sys- 
tem immune to radio jamming. 
Bell Laboratories scientists and 
engineers designed the trans- 
mission and switching systems for 
the world’s most versatile telephone 


ance system which steers the Titan 
with high accuracy. 

Unlike self-contained systems 
which demand complex guidance 
equipment in the missile itself, Bell 
Laboratories Command Guidance 


network, developed much of our 
nation’s radar, and pioneered in 
missile systems. From their vast 
storehouse of knowledge and ex- 
perience comes the guidance system 
for the Titan. 
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BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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UNISTRUT. 


system for electronic 
and instrumentation framing 
and attaching components 


Fast... flexible... complete, the 
UNISTRUT system offers everything 
needed for light or heavy framing and 
attaching or supporting all types and 
shapes of components. 

Speed of assembly, infinite adjust- 
ment, ease of servicing and positioning 
components, plus exceptional strength 
are yours with patented UNISTRUT 
sliding spring-held nut and channel. 
Dozens of channel sizes . . . steel and 
aluminum... plus over 1400 standard 
fittings make it easy to achieve custom 
design at low cost. Ask your local Uni- 
strut distributor or write for complete 
information. 


Build or frame: Attach or support: 
e@panelboards econtrols 

@ racks @ instruments 

@ cabinets @ equipment 

@ cubicles e harnesses 

e stands @ panels 


e 3-dimensional e printed circuit 
breadboards card guides 





Mr. Strut says: 
“Your local Unistrut distributor has 
complete stocks at all times. And ex- 
perienced engineering help is yours 
for the asking. Call him today.” = 


UNISTRUT. 


Pioneer in Adjustable Metal Framing 


UNISTRUT PRODUCTS COMPANY 


General Offices: 943 W. Washington Bivd., Dept. C, Chicago, III. 
Telephone: MOnroe 6-2665 Teletype CG 1329 


Stocking distributors in all principal cities of the 
U.S. and Canada. Exported throughout the world, 











32 CIRCLE 32 ON READER SERVICE CARD 


Total Production Control 


In a Package? 


NEW YORK— 

“It will take a lot of planning for 
any user to adopt the total systems 
approach to production control”, an 
IBM spokesman told CtE last month. 
He was commenting on IBM’s an- 
nouncement of MOS—Management 
Operating System—a new concept of 
integrated manufacturing control from 
raw material to end product. His 
point: even though IBM can offer 
much of the logic for such a data proc- 
essing system, each installation will 
have to be evolved individually. 

With MOS, IBM says, a company 
can bring six manufacturing functions 
under computer control. The six: 
forecasting, materials planning, inven- 
tory management, scheduling, dis- 
patching, and operation evaluation. In 
an integrated system, the output of 
the data processing of one of these 
functions is the input for the next. 

At first breath, MOS appears to be 
a package that a computer user can 
buy to bring his production under 
automatic control easily. But there 
is a lot more to it than that. IBM 
offers help in systems planning and 
will provide almost 80 percent of the 
logic to perform these functions with 
a computer. Each user, however, has 
to prepare computer programs for his 
own particular operation at a cost that 
starts at $15,000 and can run into six 
figures. 

After completing a two to four 
month feasibility study and having 
made the decision to install MOS, a 
company must then perform a detailed 


analysis in depth of its operation, scru- 
tinizing the flow of paperwork during 
the manufacturing cycle. Next it 
must establish production standards 
for material, labor, and overhead items 
for each manufacturing step (though 
the system can operate on estimated 
standards). Only then can the com- 
puter programs be written, a job that 
takes one to three man-years. 

Digging out the information for 
standards and the analysis in depth 
has been one of the roadblocks to pre- 
vious installations of integrated com- 
puter control of production, say vet- 
eran industrial engineers. In many 
operations, particularly job shop manu- 
facturing, the cost of obtaining such 
data prohibits computer control. 

In those operations where such in- 
formation is available at a reasonable 
cost, IBM recommends that the MOS 
concept be installed a step at a time, 
even though the objective is integrated 
control of all six manufacturing func- 
tions. A company can make a start 
and have one function under control 
in as little as five months after having 
made the decision to proceed. A more 
normal time, however, is eight to nine 
months. 

One of the first users of the MOS 
concept is the American Bosch Div. 
of American Bosch Arma Corp., which 
is controlling just two functions—mate. 
rials planning and inventory manage- 
ment. Using two Ramac 305 com- 
puters, the American Bosch system is 
racking up savings at a rate of $120,- 
000 per year. 


Molecular Analog Unit 


for Computers 


SANTA BARBARA, CALIF.— 

To the future potential of molecular 
electronics—electronic systems made 
from a single piece of semiconductor 
material (CtE, Mar. ’60, p. 35)—was 
added another tangible development 
last month. Research Div. of Servo- 
mechanisms, Inc. announced that it 
has developed a solid state analog com- 
puter element made by conventional 
semiconductor production techniques. 

The Servomechanisms device is an 
electronic data processing unit for an 
analog computer; the one piece semi- 
conductor is the equivalent of a con- 
ventional servomotor, gear train, and 
potentiometer combination. Receiv- 
ing an input signal, the semiconductor 
can produce a function of that signal 


as an output. It will do everything a 
mechanical servo loop will do. 

Main advantage of such a device 
would stem from increased reliability, 
the result of having no moving parts. 
An added benefit: a considerable re- 
duction in size and weight of analog 
components. And, it appears likely 
that the cost of such elements would 
be considerably less than a conven- 
tional mechanical servoloop. 

As an indication of how such semi- 
conductor analog units might be ap- 
plied, Servomechanisms has designed 
an air data computer. The company 
is currently negotiating with the Air 
Force for a contract to build some 
experimental hardware incorporating 
the new device. 
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HOMEY WELL 


HONEYWELL DATA SYSTEMS...custom-designed to your specific needs 


Wherever you need to gather, reduce and preserve 
data—whatever type of scientific tape recording 
system you require—Honeywell can supply the 
one custom-designed system that is exactly right 
for the job. These are data systems that will 
deliver the accuracy, speed and usable output you 
need. They’re proving themselves day after day in 
the toughest jobs, in military, space and missile 
programs, in medical and scientific research and 
in many diverse industrial fields. 


All components, from transducer to computer or 
other readout, are supplied by Honeywell . . . and 
made to complement each other. There’s no prob- 
lem of modifying various makes of components to 
work together, none of the inconvenience of buying 
instruments and spare parts from several sources 


instead of one. All Honeywell data acquisition- 
reduction systems are assembled of standard 
modules that can easily be changed or enlarged 
with changing requirements. 


Honeywell takes full responsibility for your system, 
from initial planning, installation and startup to 
training of your personnel in its use and even 
including continued, expert maintenance. You can 
conserve working capital by leasing a Honeywell 
system, paying for it as you use it. Because you 
deal only with Honeywell, you needn’t worry 
about long negotiations with third parties. 


MINNEAPOLIS-HONEYWELL REGULATOR CoO., 


Industrial Systems Division, 10721 mii iit) 
Hanna Street, Beltsville, Maryland 
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HONEYWELL SYSTEMS 
for fast, accurate acquisition of high- 
speed data in ANALOG form 


Honeywell analog systems are widely used in tele- 
metry, environmental testing, medical research and 
other applications requiring rapid reading and 
preservation of analog data. Up to 14 channels of 
analog data can be recorded on 1” tape using direct 
and FM electronic techniques, and the transport can 
accommodate tape widths up to 2”. 


Direct Recording— Most frequently used to record 
I.R.I.G. subcarrier complexes telemetered from air- 
craft, missiles or satellites during flight. Also for 
recording high-frequency vibration and noise, and for 
audio or communications monitoring. Can be used 
for data from 100 cycles to 100 ke. 











FM Recording— Used for accurate recording of low- 
frequency data, as from strain gage transducers, 
thermocouples, accelerometers, potentiometers and 
other devices. Another use is the recording of vibra- 
tion or other medium-frequency phenomena, where 
maximum amplitude accuracy and stability are 
required. All components cover frequencies from d-c 
to 20 ke with a nominal accuracy within +1%. 


Pulse Duration Modulation (PDM)— Used in 
telemetry applications in which data amplitudes are 
sampled and converted into pulses of proportional 
duration. PDM recording is most frequently used 
where a large number of d-c or very low frequency 
data channels are to be recorded on one tape channel. 


Write for Catalog DC8170. 





HONEYWELL SYSTEMS 
for accurate acquisition of high-speed 
data in DIGITAL form 


Honeywell digital systems are used in applications 
requiring high speed and extreme accuracy in the 
gathering and reduction of dynamic data for analysis 
by computers and other devices. These applications 
include engine tests and use in wind tunnel, shock 
tube, environmental laboratory, and research tests. 
These systems consist of solid state modules— “‘build- 
ing blocks” of printed circuitry which permit wide 
flexibility in the design and packaging of systems 
ranging in size from a single rack to multiple units. 
The systems can be assembled to multiplex and 
digitize data at rates up to 15,000 samples per 
second with an accuracy of +0.1%. 


Write for Bulletin DD-7. 





Mobile Tape Recording System 
for field and airborne use 


The Honeywell MTR 7200 tape recording sys- 
tem is light and compact enough to go any- 
where, yet is as sophisticated as many rack-size 
systems. It uses a closed loop tape drive, 
handles direct record, FM or combinations of 
the two. Tape tensioning is automatic. The 
system can operate on d-c or a-c, under severe 
environmental conditions, requires no in-flight 
adjustment, and can provide up to 24 recording 
channels. Has six standard tapes speeds and 
rewind. The unit occupies less than 1.5 cubic 
feet, and weighs less than 60 pounds. 


Write for Bulletin DD-5. 





COMBINE THE HONEYWELL WAVE ANALYZER WITH THE HONEYWELL 
LOOP-TRANSPORT FOR HIGH-SPEED ANALYSIS OF RECORDED DATA 


Teamed, these precision components make short work of analyzing 
transients, vibration or other phenomena represented by complex wave 
forms. The loop-transport provides a precise input of selected data 
samples to the automatic wave analyzer for quick-look or detailed 
analysis. The wave analyzer, with models available for as many as 14 
channels, gives a permanent, graduated chart record of amplitude vs. 
frequency, power vs. frequency, linear or squared reading, on a wide- 
chart ElectroniK recorder. The automatic wave analyzer and loop 
transport combine to make analyses in minutes or hours—analyses that 
formerly required days or weeks. Typical applications: analyzing pres- 
sure, strain, vibration, shock, powerline interference, flutter, audible 
noise, seismic phenomena, scatter-propagation, cardiac behavior. 


Write for Bulletin DB9050A and Specification DS3191. 


There are many other Honeywell systems for data acquisition, 
reduction and analysis—Included in the comprehensive Honeywell 
line of data systems is virtually every type of equipment you need 
for any data gathering or analyzing application. For example, there’s 
the Visicorder direct recording oscillograph, which can handle as many 
as 36 analog data signals and frequencies from d-c to 5000 cps. There 
are the Honeywell 800 and 400 all-solid-state scientific computers, with 
their advanced'self-checking sorting techniques and high magnetic tape 
speeds. And the line includes format conversion systems and tape-to- 
card and card-to-tape conversion systems which extend the flexibility 
of an already exceptionally versatile family. 

































































Ask your nearby Honeywell field 
engineer, from one of 125 sales and 
service offices in the U.S. and 
Canada, for valuable help in match- 
ing a Honeywell data system to 
your exact requirements. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Systems Division, 10721 Hanna Street, Beltsville, Md. 
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iiieciaiia Sure Control at Low Cost 
Steps Up the Pace and Quality All the Way! 


New applications of process 
chromatography are discussed 
at Canadian conclave 


MONTREAL, QUE.— 

Gas chromatography—from labora- 
tory measurement to closed-loop con- 
trol—has taken the process industry 
by storm. That is the consensus of 
control engineers attending the sixth 
Instrument Society of America Instru- 
mental Methods of Analysis sympo- 
sium last month. Du Pont’s Dr. H. R. 
Felton told the group that chromatog- 
raphy has won a place as a recognized 
analytical tool in a startlingly short 
time, less than 10 years. 

e As a unit process—Despite this suc- 
cess, Felton added, the biggest growth 
in application may still be ahead. Be- 
cause chromatography is a separation 
process, it is the first analytical meas- 
urement method offering promise of 
itself becoming a unit process. Pre- 
parative chromatographic equipment 
capable of handling as much as a ton 
of material a week may be available 
within as little as two years, Felton 
estimated. Purpose of such equip- 
ment: to produce pure materials in 
quantity, to isolate minor impurities, 
and to separate difficult compounds 
like azeotropes. 

The next step for analysis equip- 
ment, Felton predicted, would be more 
development in high speed miniatur- 
ized destubusaia. ras. sensitivity eeu : 
ionization detectors and high eff- From the rugged simplicity of self-ops to the more compli- 
ciency capillary columns combine to cated requirements of an indicating controller, Robertshaw 
detect trace elements in the parts-per- answers your temperature control needs — efficiently and 
billion range. Capillary columns can economically. 
separate 20 components in a small : P 
sample in less than two minutes. And whichever Robertshaw instrument best fits your par- 

¢Column problems—Several tech- ticular job, you know there’s quality all the way . . . quality of 
nical roadblocks are obstructing wide- design, construction, performance. 

— wes eg — ligase Check the Robertshaw temperature and pressure controls 


(unobstructed) capillary columns lack for your needs. You'll find them shown in detail in Catalog 


reproducibility and cannot be used A-NW. Fulton Sylphon Division, Robertshaw-Fulton Controls 


with polar liquids. Small samples of Co., Knoxville 1, Tenn. 
the micromicroliter size are mandatory, : 


something which may also be a disad- 
vantage. The high sensitivity detectors 
—with argon carrier gas and radio- 
active sources—require a high voltage 
and a high purity carrier gas. And, as 
ordinarily operated, they cannot de- 
tect certain materials in the sample, 
materials which are of interest. 

To overcome the limitations with 
polar liquids, Felton described prelim- 
inary work underway with obstructed 
capillary columns. One approach: if a 
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string is fitted inside the usual ca- 
pillary tube, it carries the liquid phase 
instead of the column wall. 

Results of other investigations on 
columns were reported to the meet- 
ing too. For example, R. Hista of Bris- 
tol Laboratories described the results 
he obtained with microsized glass 
beads as solid supports. Their use al- 
lows separation of high boilers at tem- 
peratures 100 deg C lower than usual. 
Beckman’s R. Villalobos claimed bene- 
fits from treating the solid supports 
with nitric acid. Acid treatment, he 
said, gives the device greater sensitivity 
and improves repeatability more 
quickly after any interruption in the 
regular analysis cycle. Still another 
method of improving analysis, a dou- 
ble-switched dual column chroma- 
tograph, was described by B. O. 
Maciw of Union Carbide. 

¢ Finding the trace—How to handle 
trace element identification was the 
subject of another interesting discus- 
sion. One big problem is accounting 
for “tails” in the curves caused by 
the thermal detector’s thermal mem- 
ory—the storage of heat as a result of 
measuring a higher temperature— 
rather than measuring composition. 
Humble Oil’s T. Brister reported suc- 
cessful trace detection (30 to 250 
ppm) of methyl chloride in liquified 
petroleum gas. In this application, 
tails were minimized by programming 
a shunt resistor across the measuring 
thermistor when the large peaks were 
due to elute from the column. 

Canadian Industries’ P. H. Stirling 
offered another way to solve the “tail- 
ing” problem. Noting that stainless 
steel blocks for the thermal conduc- 
tivity detector aggravated thermal 
memory, he recommended removing 
the heat from the thermistor by sound 
heat transfer practice. 

¢Control from chromatography— 
Although the chromatograph is a 
promising tool for closed-loop con- 
trol, it is not easy to use because of 
the discontinuous nature of the chro- 
matograph output. Prof. O. Rade- 
maker of the University of Eindhoven 
(Netherlands) presented a graphical 
interpretation of how to determine the 
analog control modes to use with con- 
tinuous inputs. The modes depend on 
process dead ‘time and the two largest 
time constants. 

To extend the procedure to the sam- 
pled inputs of a chromatograph, he 
evolved graphically the relationships 
between the controller mode settings 
and the sampling period, process dead 
time, and the largest process time 
constant. —Harry R. Karp. 
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Hermetically 
Sealed Resonant Reed 
Relay 


Multiple frequency reed relay 
for Commercial Applications 


1960 


) 


AMPERE TURNS 


4 


> WURLITLER 


DR-5U RESONANT REED RELAY 


A Reliable Miniaturized Relay Featuring 
Anti-Vibration Design and Application Flexibility 


This new Wurlitzer Reed Relay incorporates shock and vibration 
resistance, zero mechanical coupling to support, and closely 
controlled response and hold regions. 


Twin reed configuration based on tuning fork concepts makes 
the Wurlitzer Reed Relay highly resistant to false operation 
from shock or vibration. 


Sensitivity at the 2% bandwidth level is less than 1.0 milliwatt. 
32 channels at 4% increments between 300 to 1000 cps. 


Frequency variation is less than 1/2% from — 60°F to +150°F. 


¢ Frequency Sensing and Measurement 
* Selective Tone Communication and 
Control Systems 
* Frequency Generation 
« Controlled Sequence Contacting Applications 


Has application in: 


Size 1d2” x Ye” x %e”—Weight 10/7 Grams 


Available in uncased, hermetically sealed, and plug-in models for frequency 
range of 300 to 1000 cps. Other frequencies available. 


Inquiries Invited 


ELECTRONICS AND DEFENSE 
PRODUCTS DIVISION 


THE WURLITZER COMPANY 
NORTH TONAWANDA, N. Y. 








PER CENT FREQUENCY DEVIATION Research 


WURLIIZER fan" 
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AUTOMATIC 
RECORDING ANALYSER 


FOR ANALYSIS OF NOISE AND VIBRATION SIGNALS 


STEADY AND NON-STEADY SIGNALS ANALYSED AUTOMATICALLY 
Many types of noise and vibration signals can be handled. 
Equipment performs automatic amplitude/frequency analysis 

of steady signals and automatic amplitude/frequency / 

time analyses of non-steady (time varying) signals. 


COMPLETELY AUTOMATIC OVER FULL FREQUENCY RANGE 
Equipment is fully automatic over entire range of 
10c/s-19kc/s, but can be made to scan only part of 

the range. 


CHOICE OF THREE CONSTANT PERCENTAGE 
BANDWIDTHS 


A choice of three bandwidths is available, 
} octave, 5% and 1.5%, giving octave 
discrimination of 30dB, 54dB and 70dB 
respectively. 


OUTPUT RECORD IMMEDIATELY 


AVAILABLE 
All results are presented on 
pre-printed amplitude/ 


frequency calibrated or 
amplitude-calibrated papers. 


FREQUENCY ACCURACY IS 
~ HIGH 
Frequency accuracy of analyser 
alone is 0.5% and on output 
record, better than 1%. 


WIDE AMPLITUDE RANGE 
ImV-300V, dynamic range 44dB 
generally, or 300mV-300V, 


dynamic range up to 70dB with 
steady signals. 


SEQUENTIAL ANALYSIS OF SIGNALS 


At the end of frequency scan, analyser can be 
made to select new input signal with automati« 
chart advance—making multi-channel analysis 
very simple. 


THE MUIRHEAD K-100 WILL SAVE TIME AND SKILLED MANPOWER 
A 5% bandwith amplitude/frequency analysis of a steady 
signal over range |0c/s-19kc/s takes only 12 minutes. 


Write for further information 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York 17, N.Y., U.S.A. 
Telephone: Murray Hill 2- 8131 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada. Telephones: 3717 & 3718 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England. Telephone: Beckenham 4886 
458 
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WHAT'S NEW 


Model-Making Made Easy 
With Numerical Control 


Continuous-contouring, pro- 
grammed with magnetic tape, 
cut 90 percent off the time to 
make a model wing. 


SAN DIEGO— 
At Convair’s aircraft manufacturing 
facility here, not all the engineers 
were sold on numerical control of ma- 
chine tools. But a project currently 
underway has convinced a lot of non- 
believers. Convair is now turning out 
a wind tunnel test model whose wing 
was prepared on a numerically con- 
trolled Giddings & Lewis skin mill 
instead of being fabricated by tem- 
lets and finished by grinders and 
hand files. The convincer: the model 
wing was prepared in 200 hours in- 
stead of the 2,000 hours conventional 
techniques would have required. 

Major time reduction, says S. C. 
Padilla, Convair manufacturing devel- 
opment engineer, stems from doing 
away with preparing blueprints, tem- 
plets, and tooling layouts. The 200- 
hour time was measured from drawing 
board to wind tunnel testing. 

In the Convair program, aerody- 
namic engineers supplied equations 
defining the wing surface. An IBM 
650 computer was programmed to 
compute the required cutter reference 
points and corresponding tool move- 
ments for a 2-in. diam ball nose cutter. 

Output of the computer in printed 
tabular form was turned over to the 
manufacturing development numerical 
control group which manually inserted 
time commands and auxiliary func- 
tions where needed. Then the tooling 
department prepared a punched paper 
tape that serves as the input to the 
Numericord director. The director 
interpolated the input data and trans- 
formed information in serial form to 
a parallel form on the final magnetic 
tape for the General Electric control. 

In addition to a major time saving, 
the numerical control provided accu- 
rate machining with results, says Pa- 
dilla, 20 times as accurate as the tem- 
plet method. One contoured surface 
was machined to the proper configura- 
tion with a bilateral tolerance of less 
than 0.003 in. in a single cut. 

And numerical control extends the 
scope of experimental models. Aero- 
nautical engineers now have greater 
latitude in designing mathematical 
shapes. 

—Peter Kaye 
McGraw-Hill News 
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THOR 
MACE 
TITAN 
HAWK 
ATLAS 
SNARK 
NIKE B 
BOMARC 
NIKE ZEUS 
SPARROW |! 
SPARROW II 
SPARROW Ili 
NIKE HERCULES 
SIDEWINDER 
REGULUS II 
VANGUARD 
REDSTONE 
JUPITER C 
PERSHING 
BULL PUP 
MERCURY 
TERRIER 
POLARIS 
TARTAR 
CORVUS 
FALCON 


%%& Designs Assembly Savings Into 
Critical Mintarure/Instrument Ball Bearings / 


JULY 


Helping customers simplify instrument assembly is a 
specialty of the N/D engineering group. How? Through 
creative Miniature/Instrument ball bearing application 
and design. Often, a new ball bearing design will pro- 
duce assembly savings in excess of its additional costs. 
Integral ball bearings, too, very often cut down difficult 
and costly hand assembly of shaft and parts. ss 


A timely example of N/D customer assembly savings 
can be seen in Nike Ajax and Hercules missile ground 
support. Here, special N/D Instrument ball bearings are 
now used in precision potentiometers. New Departure 
engineers recommended eliminating two single row 
instrument bearings, mounted in duplex and requiring 
precision spacer and separate guide roller. They 


replaced this assembly with a special N/D double row 
high precision instrument ball bearing with integral 
outer race guide roller . . . and shaft mounted with a 
nut. This one recommendation produced cost savings 
of over 400%! In turn, the customer was able to reduce 
the potentiometer selling price to the government. 
What's more, the New Departure Instrument Ball Bear- 
ings improved potentiometer reliability | 


You can look to minimum assembly costs and unsur- 
passed reliability. Include an N/D Miniature/Instrument 
Bearing Specialist in your early design level discussions. 
For immediate information or assistance, call or write 
Department L.S., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 


Ps 


Ng 
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MINIATURE £& I 


VUMENT BALL BEARINGS 


‘proved reliability you can build around 


1960 
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Judging by 
the Company 
We Keep... 


Won’t you join “the Company We 
Keep”, with “Electro-Mech” specified 
on your next Control System job. 


Perhaps not all of “the Company We 
Keep” would agree on the location of 
“The Industrial Engineering Center of 
the U. S.” but many say that the New 


York-New Jersey-Connecticut-Pennsyl- | 


vania Complex is a primary contender 
for this position. 


However you might cast your vote on 
this controversial issue, there is one issue 
upon which we must all agree: 


There is no area of industrial engi- 
neering activity that so clearly demands 
maximum coordination between cus- 
tomer and supplier than the manv- 
facture of Custom Control Systems: 
Examples— 


Preliminary design meetings; 

Fast, simplified interchange of final 
design information; 

Efficient handling of design-change 
information; 

Coordination of incoming instruments 
supplied by others; 

Physical inspections by your personnel 
at our plant. 


Electro-Mech Corporation has proved 
to be ideally located geographically 
to meet these requirements for many of 
our most distinguished industrial firms. 


Electro-Mech Corp., Norwood, N. J. 


Pw 
Electro-Mech 
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AROUND THE BUSINESS LOOP 


The Revolution at Df 


Designers for Industry, 
longtime appearance de- 
sign consultant, is moving 
into new fields—manufac- 
turing proprietory hard- 
ware for industrial control. 


William C. George, who calls 
the shots for the direction of 
Dfl’s control work, checks out 
one of the firm’s readout devices. 


CLEVELAND— 

It is a big switch from designing 
Bodiform chairs to building the con- 
trols to mechanize steel making, but 
this is the turnaround that is happen- 
ing at Designers for Industry, Inc., a 
small Cleveland firm. When Charles 
H. Standish started DflI twenty-five 
years ago, he aimed at satisfying the 
need of industrial companies for some- 
body to improve the appearance of 
their products. His first year’s sales, 
with a staff of five employees and $700 
in capital, amounted to $30,000. This 
year, in contrast, Dfl expects to gross 
$3.6 million. 

Although only 15 percent of that 
total—about $400,000—will represent 
sales of proprietary control items, it is 
here that DflI expects its biggest 
growth—growth so rapid that total 
sales will triple in five years. Meas- 
urement and control devices for steel 
making are going into production. 

Right after Standish started Dfl in 
1935, his first job was the appearance 
design for the Bodiform opera chair, 
a design so successful it is still in use 
today. His closest approach to hard- 
ware was appearance design of type- 
writers and tractors. 

¢GLOMB’s away—World War II 
pushed Dfl into engineering. With a 
moratorium on designing new con- 
sumer products, practically all Stand- 
ish’s clients found themselves in war 
work, so DfI looked to government 
contracts too. One job that was to 
have a lasting effect on the company 
was the research, design, and engineer- 


Palen agar 


% 4 i 
ede EES 





ing for GLOMB, a glider bomb car- 
rier which was towed to within five 
miles of a target and then radio con- 
trolled to impact. Although Dfl also 
built communications, radar, and re- 
lated gear for the military, the inter- 
est in control, stirred up by GLOMB, 
outlasted the war. 

Having developed a taste for hard- 
ware, the company stayed in the air- 
craft control field, later built some 
missile controls. But only 15 percent 
of last year’s sales were in such work, 
and only 10 percent of total sales rep- 
resented sales of proprietary items. 

¢Got to have heart-Now Dfl is 
changing all that. It has developed 
proprietary items and will now plunge 
into the industrial market. Company 
Executive Vice-President James E. 
Burnett puts its this way: “For a re- 
search and development firm to ob- 
tain large systems contracts, it must 
have demonstrated capability for man- 
ufacturing significant ‘heart items’ for 
the system.” So starting about three 
years ago the company began develop- 
ment of these proprietary and “heart” 
equipments, and has started some of 
them in production. 

President Standish is counting on 
the control field for DfI to make its 
greatest growth in the coming years. 
He forecasts a rapid expansion of this 
year’s $400,000 total (which is three 
times last year’s control sales) to at 
least $800,000 in 1962 and to $1.2 
million by ’64. Privately, company 
officials admit that these predictions 
are on the conservative side. 
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Special Control Valves 


TO MEET THE RIGID SPECIFICATIONS OF 
THE NUCLEAR AND CRYOGENICS INDUSTRIES 


This spotless room is used only to assemble ultra-clean control 
equipment for the nuclear power field and guided missile pro- 
gram. It is pressurized and conditioned by filtered air. Nothing 
in the “White Room” is touched with bare hands. Daily clean- 
ing is accomplished through vacuum outlets in the walls. 


Technicians use special pre-cleaned tools to assemble the 
equipment. They are outfitted in lint-free garments and plastic 
boots. These precautions insure that each piece is immaculate 
until capped and sealed for shipment. 


SS24RA., typical example of the severe standards required in the 
nuclear power industry. Fisher engineers specially designed this control valve 
to handle “hot” radioactive material within the body as well as surrounding 
areas. The alloy body was hermetically sealed by inert gas seal welds. When 
subjected to a mass-spectrometer leak detector test, a leakage of less than 
1x10-*cc per second, at standard conditions was shown. 


Finally, the entire control valve is completely encased-to permit decontamina- 
tion of the system. Constructed in 1” to 12” sizes. 


Call on Fisher engineers when you have control valve requirements that must 


conform all, or in part, to nuclear or cryogenics specifications. 


IF 1T FLOWS THROUGH PIPE ANYWHERE IN THE WORLD...CHANCES ARE IT’S CONTROLLED BY... 


FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario / Rochester, England 


BUTTERFLY VALVE DIVISION: CONTINENTAL EQUIPMENT COMPANY, CORAOPOLIS, PA- 





FISHER: 


SINCE 1880 











| 


| w WHAT’S NEW 


Key man in Dfl’s move into the 
industrial controls application field and 
in the development of the proprietary 
products is 5l-year old William C. 
George, a Purdue-educated electrical 
engineer. 

eStart at the end—George, whose 
official title is manager of Dfl’s Proc- 
ess Instrumentation and Control 
Dept., believes the best place to start 
in the control process is with the end 
product: determine by some form of 
automatic data logging technique the 
quality of the finished product, and 
then go to work on process control. 
And Dfl is doing just that with prod- 
ucts developed for the steel industry. 
According to George, his company is 
setting a course to provide as many 
sensory items for the processing of 
steel as it can develop. 

The company feels it is on the right 
track with the development of its 
surface flaw detection equipment and 
noncontacting lineal measuring sys- 
tem. In the works: an invisible flaw 
detection system based on infrared 
techniques, a continuous hardness 
tester to measure hardness during steel 
rolling and a weld soundness detector. 

An elongation measurement system 
is already available. It is a magnetic- 
type reading system using some of the 
principles that Dfl used in the lineal 
measuring device to sense deviation 
from a preset value. An error signal is 
fed back to ‘the screwdown operation 
in the rolls, 

“The same product knowhow can 
be applied to strip aluminum, copper, 
paper, and to the manufacture of plas- 
tics,” says George, giving an idea of 
some of the other markets Dfl will be 
aiming for. ‘We hope to increase our 
activity to include control means for 
all other stages of steel manufacturing, 
too,” George adds. Possibilities in- 
clude instrumentation for the sinter- 
ing and coking processes. 

¢Inside-out plate—Last month the 
company announced a new research 
tool for steelmen. It is an electrolytic 
tinning line simulator which recreates 
in the lab the tinning process by revers- 
ing the situation; that is, the plate is 
held still, and the electrolyte is passed 
over it at speeds up to 750 ft per min. 

Other product items far removed 
from the firm’s original calling are 
ground support equipment and missile 
guidance systems. Dfl has contributed 
to the Jupiter, Juno, and Redstone 
missile programs. One of its latest de- 
velopments is a unique magnetic tape 
transport which can advance tape in- 
crementally. 

DfI has some rather definite ideas 
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about how it will handle the expected 
sales jump. Current plans call for a 
50 percent expansion of the present 
50,500 sq ft headquarters—which con- 
tains all research, development, and 
manufacturing facilities—plus the con- 
struction of a 100,000 sq ft produc- 
tion facility by 1963. —Violet Forsha 

McGraw-Hill News 


GPE Reshuffles Again 


General Precision Equipment Corp. 
which has reorganized the manage- 
ment lines that bind its divisions sev- 
eral times in the past two years an- 
nounced another plan last month. 
Under the latest program, operations 
of GPE Controls, Inc., supplier of in- 
dustrial controls, will be combined 
with those of General Precision, Inc., 
the company’s principal subsidiary. 

As a result of the change, GPE 
controls becomes a wholly-owned sub 
sidiary of General Precision Inc., un- 
der the operating direction of the Link 
Div. The move will help the develop- 
ment of Link Div.’s industrial control 
business. Link plans to expand both 
the GPE Controls line and its own 
line of controls and computers. 


Underwood Engineers Form 
New Data Handling Firm 


A group of engineers from the now 
defunct Underwood Corp. Research 
and Engineering Labs has formed the 
Connecticut Technical Corp. Presi- 
dent of the new firm is Harold M. 
Kneller who was Underwood’s corpo- 
rate director of defense and special 
projects operations. 

Connecticut Technical will engage 
in design, development, and manufac- 
ture of data handling units and sys- 
tems for custom installation. 


News of Other Companies 
In the Control Field 


Monroe Calculating Machine Co., 
Inc., a division of Litton Industries, 
has purchase | Integrated Data Proc- 
essing, Inc., to form the nucleus of a 
new Monroe service bureau organiza- 
tion. Monroe plans to establish bu- 
reaus on a nationwide basis. 


Telechrome Manufacturing Corp., 
which owned a 50 percent interest in 
Hammarlund Manufacturing Co., has 
acquired the remaining 50 per cent. 


North Electric Co. has acquired 
control of Power Equipment Co. after 
a hotly contested proxy fight. North 
Electric, maker of telecommunication 


(Continued on page 180) 
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NOW...A Better Match 
for Temperature Control Requirements... 





Here’s the brand-new family of Fenwal 
Transistorized Temperature Control- 
lers that lets you order only what you 
need. In addition, you obtain func- 
tions previously unavailable in ther- 
mistor controllers. These additions to 
the ‘‘500 Line’”’ permit precise match- 
Model 536 ‘ ing of control instrument to appli- 
Single-Point , cation over a temperature range from 
Controller —50 to +600°F. 

Thermistor sensors and rugged, re- 
liable transistorized circuits assure 
long life and trouble-free operation... 
and eliminate lead wire problems. 
Every instrument is easily installed... 
in the plant or on the machine. Pro- 
fessionally styled cases and wide choice 
of colors blend with the most modern 
surroundings. And, best of all, ad- 
vanced Fenwal design and production 
methods keep costs reasonable! Here 
are three examples: 

The Model 536: reliable, single- 

Model 561 point controller gives you these op- 
a el tions: ON-OFF or proportioning con- 
i trol . . . set-point adjustment in the 
instrument or remotely located ... 
indication as well as control... ex- 
panded scales for fine temperature 
adjustment. And you pay only for the 
option you need. Capacity of 10 amp/ 

110 VAC and 5 amp at 230 VAC. 

The Model 561: single point indi- 
cator-controller designed for panel 
mounting. Panel button permits meter 
display of temperature set point. Con- 
trol and indication circuits are inde- 
pendent. Mirror-backed scale prevents 
parallax, tilted glass cover reduces re- 
flection. Option of either ON-OFF or 
proportioning control. 10 amp/110 

Model 580 ert cra gee VAC relay capacity .. . insensitive to 

Multi-Péint voltage fluctuations. 

— The Model 580: multi-point indi- 
cator permits “flick of a switch’’ indi- 
cation of 2 to 10 temperatures con- 
trolled by up to ten Model 536 con- 
trollers. 

These are just the high spots. For 
complete details on this versatile 
Fenwal family, send for bulletin 
MC-190, “Smarter Looking Smarter 
Acting Electronic Temperature Con- 
trols.” FENWAL INCORPORATED, 
297 Pleasant Street, Ashland, Mass. 


Another 


example of how CONTROLS TEMPERATURE... PRECISELY 
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Hibh POWER 


IN SMALL PACKAGES 


HIGH POWER 


IN SMALL PACKAGES 
MliGH POV ER 


IN SMALL PACKAGES 
rMicskrMel F’-OUVEF 


INN SMALL. PACKAGES 


roi cs ssi F— COUN/ r2 
IN SMALL PACKAGES 


Unhampered by traditional think- 
ing, TELECHROME engineers have 
developed an entirely new concept 
in telemetering equipment — un- 
equalled in compactness, rugged- 
ness and dependability. 


FOR MESSAGES FROM OUTER SPACE 
TELEMETRY e COLOR TV « INDUSTRIAL INSTRUMENTATION 


28 RANICK DRIVE, AMITYVILLE, N. Y. Lincoln 1-3600 
Cable Address: COLORTV TWX: AMITYVILLE NY2314 

WESTERN ENGINEERING DIVISION + 13635 Victory Bivd. 

Van Nuys, Calif., STate 2-7479 


MIDWESTERN ENGINEERING DIVISION * 106 W. St. Charles Rd. 
Lombard, Ill., MAyfair 7-6026 

SOUTHWESTERN ENGINEERING DIVISION + 4207 Gaston Ave. 
Dallas, Tex., TAylor 3-3291 


JULY 1960 


TELEMETERING TRANSMITTERS "™/"5%<'n'cn coral courstes 


NEW! 148341 — 4 Watt FM Transmitter. Medel 1409 Tranemetier. 


1¥e” x 2%” x 4” es S'% 2 x 3'Y4 x4" 
Features AFC for .005% stability 15 te 30 Watts 


Model 1466A-AF Amplifier 


3.37” x 3.25” x 2” 6.5’ x 4’ x 3.25’ RF Amplifier 
2 Watt input; 10-30 Watt output 2 watts in— 100 watts out 


1.5” x 1.9" x 2. 
6 x 444" x 3%" Dev. Stab: + 1% band 
50 to 80 Watts Dev. Linearity: Less than 1% band wi 


on Request 
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space 
can be 
expensive 








in instrumentation tape recorders, 
as anywhere else, 


space costs money 


PRECISION recorders save money. They offer 
full-size performance, in less than 4% the space... 
they use less power... they cost less to operate 
and maintain... and they cost less initially. 

They give you flexibility, for rack mounting or 
portable use, with up to 14 channels of analog 

or 16 channels of digital solid-state electronics. 
Write for detailed new brochure 55A. 





LJ 
PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET © SAN CARLOS © CALIFORNIA 
Phone LYtel!l 1-4441 © TWX: SCAR BEL 30 
} REPRESENTATIVES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 
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Tung-Sol transistors handle critical switching 


in CEE high speed tape transport 


Cook Electric’s Model 59 Digital Tape Transport 
embodies the design know-how gathered by Cook 
during its 12 years of active participation in mis- 
sile programs which include the Atlas, Polaris 
and Titan missiles. It was built to fulfill the de- 
mands of modern industry for reliable, high- 
speed data processing and storage equipment. 
This tape transport is a direct adaptation of the 
equipment originally developed to provide unat- 
tended, 45-day documentation of the Polaris Mis- 
sile system. 

Gratified with the superior performance dem- 
onstrated by Tung-Sol switching transistors in the 
Polaris version, Cook assigned Tung-Sol units 
to these critical tasks in the industrial model. 
Tung-Sol’s 2N414 germanium high-speed switch- 
ing transistors serve in the flip-flop and logic 
circuits. Here’s how Cook engineers evaluated 
the Tung-Sol semiconductors: “Tung-Sol tran- 
sistors meet our exacting demands for perform- 
ance and reliability” 


There are many reasons for the superlative 
performance of all Tung-Sol components. Con- 
sider just three: Tung-Sol’s exclusive concentra- 
tion on the technology of component manufacture 

. . Strict adherence to the highest manufacturing 
standards . . . a quality control network that’s 
unsurpassed. 


If your design requires tubes or semiconduc- 
tors, or both, specify Tung-Sol. There are many 
Tung-Sol components for virtually every military 
and industrial requirement ready to perform with 
full-life reliability. Our applications engineers 
will be glad to help you select the components 
that'll do the best job for you. Tung-Sol Electric 
Inc., Newark 4, N. J. TWX:NK193. 


Technical assistance is available through the following 
sales offices: Atlanta, Ga.; Columbus, Ohio; Culver City, 
Calif.; Dallas, Texas; Denver, Colo.; Detroit, Mich.; 
Irvington, N. J.; Melrose Park, Ill; Newark, N. J.; 
Philadelphia, Pa.; Seattle, Wash. Canada: Toronto, Ont. 


® 
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V7035A 

3-Way Servo Valve 
Maximum flow: 
6 GPM. Proof pres- 
sure: 3000 Psi. 


V7037B 

4-Way Servo Vaive 
Maximum flow: 4 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


V7040A 

2-Stage Servo Valve 
Maximum flow: 40 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


VJ307A 

2-Stage Servo Valve 
Maximum flow: 15 
gallons/minute at 
1000 Psi. Proof pres- 
sure: 3000 Psi. 


th 
Pi ERING THE FUTURE 


YEAR 





See Booth 269 at Production 


Engineers Show, 9-6 — 9-16, Chicago 
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Rugged! 
Fine resolution! 
Wide flow range! 


Honeywell 


SERVO 
VALVES 


Now Honeywell offers you a complete line of electro-hydraulic 
servo valves designed to meet any industrial application, built 
to withstand all industrial environments. 

Honeywel! Servo Valves feature integral LVDT electrical feed- 
back to give you the widest spring-rate selection available. Their 
new rate action assures greater inner-loop stability. They have 
a low hysteresis, low threshold, high speed of response and almost 
infinite resolution. They are torque actuated and can be mounted 
in any position. And, they have on/y one moving part so that main- 
tenance is practically eliminated. 

Used with Honeywell amplifiers, commands, feedbacks, actu- 
ators and other complementary equipment in an all-Honeywell 
electro-hydraulic servo system, Honeywell Servo Valves provide 
the most dependable, efficient machine control possible. 

For complete information about Honeywell Servo Valves, call 
your local Honeywell office. Or write Honeywell, Dept. CE-7-87, 
Minneapolis 8, Minnesota. 


Honeywell 
Prats ow Cortiol 


SINCE 1885 
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New LAMBDA 
Regulated Power Supplies 


Sandi0O AMP 0-34 VDC 


CONVECTION COOLED 


32" PANEL HEIGHT ON S AMP MODELS 


e Convection cooled—no in- 
ternal blowers to wear out 


e Guaranteed for a full 
5 years 


e Ambient temperature 50°C 


e Excess ambient thermal 
protection 


@ Special, high purity foil, 
hermetically sealed long- 
life electrolytic capacitors 


e Hermetically sealed trans- 
former designed to 
MIL-T-27A 


e Remote sensing and DC 
vernier 


New LAMBDA LA Series Condensed Data 


DC OUTPUT: 
(Regulated for line and load) 

MODEL VOLTAGE RANGE! CURRENT RANGE? PRICE 
LA50-03A 0-34 VDC 0- 5A $395 
LA50-03AM 0-34 VDC 0- 5A $425 
LA100-03A 0-34 VDC 0-10A $510 
LA100-03AM 0-34 VDC 0-10A $540 


' The output voltage for each model is completely covered in four steps by 
selector switches plus vernier control and is obtained by summation of 
voltage steps and continuously variable DC vernier as follows: 


MODEL VOLTAGE STEPS 
LA 50-03A, LA 50-03AM—2, 4, 8, 16 and 0-4 volt vernier 
LA100-03A, LA100-03AM—2, 4, 8, 16 and 0-4 volt vernier 


2 Current rating opplies over entire output voltage range 





Regulation: Line: Better than 0.15 per cent or 20 millivolts 
(whichever is greater). 
Load: Better than 0.15 per cent or 20 millivolts 
(whichever is greater). 
ores Line or Load: Output voltage is constant within 
regulation specifications for step function line 
voltage change from 100-130 VAC or 130-100 
VAC or for step-function load change from 0 to 
full load or full load to 0 within 50 microsec- 
onds after application. 


Ripple 

and Noise: _— Less than 1 millivolt rms with either terminal 

grounded. 

AC INPUT: 

100-130 VAC, 60 + 0.3 cycle. This frequency 
band amply covers standard commercial 
power lines in the United States and Canada. 

OVERLOAD PROTECTION: 

Electrical: Magnetic circuit breaker front panel mounted. 
Special transistor circuitry provides indepen- 
dent protection against transistor complement 
overload. Fuses provide internal failure pro- 
tection. Unit cannot be injured by short cir- 
cuit or overload. 


REMOTE SENSING: 
Provision is made for remote sensing to 
minimize effect of power output leads on 
DC regulation, output impedance and tran- 
sient response. 

PHYSICAL DATA: 

Size: LA 50-03A...3's"" Hx 19” W x 14%” D 
LA100-03A...7” Hx 19” Wx 14%” D 

Panel Finish: Black ripple enamel (standard). Special fin- 
ishes available to customers specifications at 
moderate surcharge. Quotation upon request. 


Send today for complete data 


LAMBDA ELECTRONICS CORP. 


11-11 131 STREET ¢ DEPT. 4 ¢ COLLEGE POINT 56,N. Y. e INDEPENDENCE 1-8500 
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TubeXperience in action 


TUBEXPERIENCE PREPARES A NEW INSTRUMENT BULLETIN 
—GUIDE TO SELECTION AND APPLICATION OF INSTRUMENT TUBING 


Superior’s long experience in producing small-diameter metal 
tubing to extremely close tolerances enables it to offer in- 
strument designers and makers a wide variety of materials, 
sizes, metallurgical competence, and manufacturing skills 
that save experimentation in the design stage .. . time and 
cost in production. 


“Specialty Tubing for Industrial Instrumentation”—a new 
bulletin by Superior just off the press—puts into print for the 
first time comprehensive information that covers all types of 
Superior tubing for the instrument field. It includes required 
characteristics, materials usually specified, range of sizes, 


tolerances, tempers, and special considerations for ther- 
mometer-bulb, capillary, Bourdon, bellows, fire detection, 
linkage, recording-pen and torque tubing; also tubing for 
thermocouples and gas chromatography. 


Send for a copy of this valuable bulletin today. The informa- 
tion covered will greatly help your selection of tubing for all 
measuring, indicating, recording and control devices. If you 
have a problem involving tubing, call on us to help you 
solve it. Superior Tube Company, 2026 Germantown Ave., 
Norristown, Pa. 


<>s ervar lade 
The big name in small tubing 
NORRISTOWN, PA. 
All analyses .010 in. to Yin. OD—certain analyses in light walls up to 2\4 in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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Second in a series of check lists on Annin features 


CHECKUP on your Control Valves... 
CHECKOFF these Annin Advantages 7 


MINIMUM PARTS and simplicity of 
construction in Pneumatic Position Unit. 


THREE POINT guiding and self 
lubricating seals in pneumatic 
piston actuators. 


ADJUSTABLE TOP LOADING of piston 
permitting optimum control perform- MINIMUM CV available of .000001. 


ance over maximum range of conditions 
on pneumatic positioning actuator. 


BODY ORIENTATION as specified on 
any three-way valve at no extra charge. SOFT SEAT construction for guaranteed 


* e ge bubble tight shut off available in all 
Providing the CORNER VALVE BODY construction models at minimum cost. 
. » 14” through 2” in all body ratings 
optimum in converted on job site. WIDE CHOICE of special body gasketing 


d . d for all applications within temperature- 
esign an WIDE SELECTIVE range of reduced pressure limitations of any valve. 

rf port (Pee Wee construction) trim 
perrormance available with CV ranges 2.5, 1.5, TEFLON CHEVRON packing standard 


1.0, 0.60, 0.25, 0.10, .063, .040, .025, on all valves. Other types on request. 
features .016, .010, at no extra charge. 





REDUCED PORTS stepped down three 
or more sizes interchangeable in 
all models. 


NO EXTRA CHARGE for reduced ports 
in any mode! 1 inch and under. 


SPLIT BODY CHECK VALVE available 
in all body sizes and ASA ratings. 


e ; THE ANNIN COMPANY 
(- TUUM2 VAL VES 1040 South Vail Avenue 


Montebello, California 
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SCR PRICES 


(C35B) 
1958-1960 
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General Electric’s C. G. Lloyd 
brings you up-to-date on the 

revolutionary 
Silicon Controlled Rectifier 


The Controlled Rectifier picture changes so rapidly, in- 
formation you may have obtained six months ago is 
now out-of-date. For this reason, C. G. Lloyd, General 
Manager of General Electric’s Semiconductor Rectifier 
organization, answers here some of the questions most 
frequently asked — questions about a device many au- 
thorities consider the most revolutionary development 
since the transistor itself. 


Q. Last year I looked into the SCR and found it too ex- 
pensive. Has this situation changed? 


Lloyd. Indeed it has. The C35B (16 amps, 200 volts) was 
originally introduced at $160 in 1958, was priced at $65 
a year ago and has just now been reduced to $20. 


Q. How does the SCR compare with similar devices in 
prices? ’ 
Lloyd. SCR’s are in the same price bracket as many ger- 
manium power transistors and actually cost less than sili- 
con power transistors, magnetic amplifiers, many relays, 
thyratrons and other devices the SCR has replaced. 


Q. What about associated circuitry? Doesn’t that bring 
up the cost? 


Lloyd. The drive circuits for SCR’s are generally simpler 
than for the other devices, and in particular, protection 
against overvoltage and current is easier to accomplish 
than for power transistors — making the SCR-equipped 
device more reliable and much less expensive over-all. 


Q. But your C35 is still too high-priced for my applica- 
tion, and the current rating is more than I need. What 
would you suggest that I do? 

Lloyd. Perhaps you could use the C1OB. It’s rated at 4.7 
amperes single phase and 6 amperes d-c and costs as low 
as $11.10. Lower rated units go down to $5.00. 


Q. What else should I know about the C10? 
Lloyd. Well, it has a more sensitive gate trigger and lower 


leakage current. And surprisingly, even though it’s smaller, 
it can operate at a higher temperature. 

Q. The C10 sounds like it might be in the right range. 
How is it on power? 

Lloyd. Two C10B’s will control over 1 kw on 117 volts 
for about $25. Compare this with any other method — 
power transistors, saturable reactor or thyratron. 


Q. Do you have any other types? 


Lloyd. We sure have! The CSO Series is a high-current 
unit that performs up to 50 amperes. It also has a 1000- 
amp. surge current rating. Then there’s the C40 Series, 
with high-speed turn-off for inverter applications. That’s 
an important field for the SCR. 

And also there’s the C36 Series. It goes to 10 amperes. 


Q. General Electric has talked a lot about the SCR in the 
past couple of years. Have your customers brought SCR- 
equipped devices to market? 


Lloyd. They’ve been doing so for a year or more and the 
pace of conversion to SCR devices keeps stepping up all 
the time. Our customers are now selling many types of 
SCR-equipped products. The applications are numerous. 
Some of the prominent ones are,regulated power supplies, 
light dimmers, static switches, inverters, power-control 
circuits, radar modulators and ultra-sonic generators. 
And I’m sure there are many that haven’t been reported 
back to us as yet. 

Even at last year’s prices many of these people found the 
SCR the best solution to their problems. We believe our 
new prices will bring in hundreds of new users. 

Q. What about General Electric? Do you use the SCR? 
Lloyd. Some 40 departments of General Electric are now 
using the SCR. Why we even use SCR’s to make SCR’s. 
Our ovens, furnaces and test fixtures are equipped with 
controlled rectifiers to provide very precise, reliable and 
low-maintenance temperature control for our processes. 


To bring you completely up-to-date on the SCR, contact your General Electric SPD Sales 
Representative, or write Section $1670, Semiconductor Products Dept., General Electric 
Company, Electronics Park, Syracuse, N. Y. In Canada, 189 Dufferin St., Toronto, 
Ontario. Export: International General Electric, 240 East 42 St., N. Y. 17, N. Y. 


GENERAL @@) ELECTRIC 


For fast delivery at factory-low prices, see your General Electric Semiconductor Distributor. 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 





FREEZING A MOLTEN WILL-O’-THE-WISP (to +'° at 2200°F) 


Pittsburgh Plate Glass Company freezes molten 
glass temperatures at 2200°F to within +1,4° as 
it extrudes fiber glass so fine that 1700 miles of it 
weigh but one pound! How? PPG has selected 
CPM-1 Temperature Controllers made by Hagan 
Chemicals & Controls, Inc. The Hagan systems 
(over 200 of them have been ordered) not only 
set a new order of uniformity for glass fiber 
diameters, but are virtually wear-proof. They 
achieve this doubly profitable result by use of 
static control elements: there are no moving 


entire system! An integral part of the CPM-1 
unit is a CONTROL Proportioning Reactor with six 
control windings. It receives a proportional sig- 
nal, a reset signal and a rate signal, and provides 
both current limiting and manual control. “Rug- 
ged and able to handle multiple signals, yes,” 
said Hagan engineers, “but what about sensitiv- 
ity?” When we showed them the proportioning 
reactor’s 2-milliampere windings, there were no 
more questions. However, we'll be happy to an- 
swer any you may have. 


parts, and only one vacuum tube device in the 


Figure 1. Hagan CPM-! Temperature Controllers. Square Boxes are CONTROL Proportioning Reactors. 


ON YOUR BOBBIN, RESET, GO! 


TRANSFORMER 





PRE 
JAGAN CPM-1 
TEMPERATURE AMPLIFIER 
CONTROLLER 





Figure 2. Schematic Diagram of Fiber 
Giass Furnace Temperature Control. 


Fiber glass is pulled through a die in the bottom of a 
“bath tub” of molten glass at more than 3 miles per 
minute. It is wound on a bobbin, and when a “package” 
is completed, the operator has 15 seconds to change 
bobbins and restart the operation. There is as much as 
a 15° temperature upset in the system, yet when the 
winder restarts, the controller must reset the tempera- 
ture at 2200° within +1/° in the allotted 15 seconds. The 
CONTROL reactor puts out 100 watts at 80 volts, sufficient 
power to drive the saturable reactor ahead of it, and is 
at the instant beck and call of rapid and minute changes 
in signal. The response of the overall Hagan system is 
better than 0.1 seconds at full output. When the first 
tests were run, accuracy of control was found to be even 
better than the +14° anticipated. Should you wish to 
learn more about these satisfactions with static control 
via our proportioning reactors, we'll be happy to answer 
your request for intimate details. 


STATIC CONTROL: (flexible and standard) 


The function CONTROL Proportioning Reactors play in 
a system (the Hagan Temperature Controller is a tell- 
ing example) is unique. The designer—for process con- 
trol, for machine tool control, for assembly line control, 
for almost any control—can feed a variety of input sig- 
nals into several isolated control windings in each pro- 
portioning reactor, and sum them to provide an ampli- 
fied control signal. The reactor’s figure of merit (ratio 


of volt-ampere amplification to time of response) is 
exceptional. It is as high as 1,500 for an N,,?/R,, of 1,800. 
Thus, there is both power and sensitivity for the de- 
signer who works with static control. Want to know who 
else among the nation’s leaders have joined production- 
smart Pittsburgh Plate Glass in the swing to static 
control? We'll be happy to tell you—and to help with your 
static control ideas. ‘ 


i a 


Reliability begins with C(OIN IT R©O 
_ mi ° 


A DIVISION OF MAGNETICS INC. 
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Here is the secret of MESA construction. 

EARLY WARNING . i Neorrow base layer diffused into collector 

SYSTEMS % a & =body mokes the entire transistor structure 

»es . a solid rugged block, os shown in this 
cross section. 


mene §RCA-2N1300 and 2N1301 M ESA COMPUTER TRANSISTORS 


Now you can why RCA-2N1300 and 2N1301 germanium P-N-P diffused-junction Mesa 
computer transistors achieve and maintain top performance at high frequencies. From 
hase to case, reliability is built in for today’s high-speed switching applications. 


FIRE CONTROL 


MULTIPLEX 
SYSTEMS 


Ruggedness and reliability are inherent in the 
RCA-2N1300 and 2N1301 Mesa Computer 
Transistors. They are specifically designed, con- 
structed, and tested to assure extra dependability. 


Through rugged Mesa construction RCA achieves 

he extremely narrow base-width necessary for 
switching speeds up to 10 Mc without sacrificing 
mechanical strength. Mesa construction provides 
high dissipation capabilities and assures long and 
dependable performance under the most severe 
field conditions. 


RCA’s diffused-junction process provides a flat, 
precise junction assuring exceptional uniformity of 
electrical characteristics from unit to unit. This dif- 


fused-junction process in combination with RCA’s 
mesa-construction technique makes possible the 
high collector-breakdown-voltage and punch- 
through-voltage rating of these devices. 


As a result of these features plus built-in rugged- 
ness, the RCA-2N1300 and 2N1301 can meet the 
stringent mechanical and environmental require- 
ments of the basic military specification MIL-T- 
19500A. 


Call your RCA representative today and get the 
complete story on these low-cost extra reliable 
types. For further technical information, write 
RCA Commercial Engineering, Section G-56-NN, 
Somervilie, New Jersey. . C 


RADIO CORPORATION OF AMERICA 


SEMICONDUCTOR AND MATERIALS DIVISION 


® 


SOMERVILLE, N. J. 


ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 


East: 744 Broad St., Newark, N. J., HUmboldt 5-3900 + Northeast: 64 “A” St., Needham Heights 94, Mass., Hillcrest 4-7200 + East Central: 714 New Center Bidg., Detroit 2, Mich., 

TRinity 5-5600 + Central: Suite 1154, Merchandise Mart Plaza, Chicago, Ili., WHitehall 4-2900 + West: 6355 East Washington Bivd., Los Angeles, Calif, RAymond 3-8361 + Seuthwest: 

7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167 + Gev't: 224 N. Wilkinson Street, Dayton, Ohio, BAidwin 6-2366; 1625 “’K” Street, N.W., Washington, D.C., Federal 7-8500 
SPACE 


EXPLORATION AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 





FOR 4 

OUTSTANDING 
PLOTTING | 

PERFORMANCE... 






VARIPLOTTER; MODEL 1100E 
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FLEC | RON IG ASSOCIATES, INC. Long Branch, New Jersey 
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Industrial Market Blooms 
for Data Communication 


In the booming kaleidoscopic computer industry, still another new con 
cept has come along to promise even more growth for computer makers. 
This latest approach is being called data communication, the movement of 
data in networks from many points in a business to a computer, from com- 
puter to computer, or from a computer to other locations in a company. 
What is so exciting to equipment manufacturers is the apparently tre- 
mendous industrial potential of data communication. IBM, for example, 
predicts that the market for data communication equipment in 1970 will 
be as big as the computer market is today—$1.5 billion. 


Behind industry's sudden awareness of data communication lies the For control 
demand by management for better control—control of both paperwork and 
processes. Says IBM’s manager of Advanced Systems Planning, C. C. Smith, 
“The main purpose of a data communication system is to exert real-time 
control. (In this usage, Smith says, real time is how you define it; it could 
be from almost instantaneous control to a delay of a few minutes.) For 
such control, however, you have to know what is happening. That’s where 
data communication enters the picture. I would say you could control 
anything if you can get the information around fast enough.” 

At present, only three companies have entered the nascent field of data 
communication with systems: IBM has Teleprocessing, RCA offers DaSpan, 
and Collins Radio sells its Kineplex. All three expect lots of competition. 


Equipment for data communication can be considered as either of two 
types: semiautomatic—point-to-point systems in which the data is col- 
lected, transmitted, and received off lines, then put into the computer at 
leisure; or automatic in which data from a branch point are transmitted 
directly to a computer and the results are transmitted to exert control. 

All of the hardware currently being marketed falls in the semiautomatic 
group. IBM, however, has designed a full automatic system called Saber 
for American Airlines to control airline reservation operations; Saber will 
start working sometime in 1961. 


Semi- vs 
full-automatic 


Here is a brief rundown of the available systems. RCA’s DaSpan is Equipment 
punched paper tape equipment. In its transmitting job, DaSpan converts a epyndown 
punched paper tape (in 5, 6, 7, or 8-hole code) to electrical signals that 
can be transmitted by telegraph or telephone line. On the receiving end, 
the equipment checks the signal for errors picked up in transmission and 
converts it to a paper tape. RCA offers two speeds of equipment: regular 
transmits at 7.5 characters per sec, high speed at 100 characters per sec. 

Collins’ Kineplex system is available for card-to-card transmission or 
magnetic tape-to-magnetic tape (card-to-card means that the input to the 
transmitting equipment is a punched card; the output of the receiving 
equipment is also a punched card). ‘The card equipment can handle up to 
300 cards per min; the tape transmits 300 characters per sec. 

IBM offers the widest product line at this time. Its card transceivers- 
slow speed devices—can handle up to 11 cards a minute over telephone lines, 
although 7 per min is a more normal transmitting rate. A few months 
ago IBM added a digital subset to the transceiver making the equipment 
compatable to any telephone line. The addition is for application when 
data communication is limited to a maximum of two hours per day. 

For inplant use, IBM offers a 357 Data Collection System whose range 
is limited to one mile over specially laid wires. Newest product is the IBM 
7701 magnetic tape to magnetic tape equipment with a transmission rate 
of 150 characters per sec over telephone lines. 

A major difference between Collin’s approach, on one hand, and RCA’s 
and IBM’s, on the other, is how far to go in the system. Collins incorpo- 
rates circuitry to conver! the electrical signals to audio tones and put them 
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® REQUIRES NO WARM-UP TIME 
© USES NO HEATERS 


New Ketay size 15 integrating motor tachometer — 


© HAS 1.0000 VOLT PER 1000 RPM OUTPUT 
GRADIENT OVER ENTIRE TEMPERATURE RANGE 


TYPICAL CURVES 





The Ketay integrating motor tachometer, 
Type 105P2Y has many features that as- 
sure high output-to-null voltage ratios and 
extreme accuracy over the entire tempera- 
ture range of —55°C. to +80°C. 

In addition, the Type 105P2Y will give 
instantaneous response, for no warm-up 
time is required at any temperature within 
the operating range. The Ketay design 
uses no heating elements, mechanical ther- 
mostats, amplifiers or external heat sources 
and, as a result, the unit has increased 
life, less weight and less power drain on 
the over-all system. 

The unit will pass military environ- 
mental specifications called out in MIL- 
S-17806. 


4 


al 


TYPICAL CURVES 





CHECK THESE GENERATOR SPECIFICATIONS: 


Excitation (volts). . . 

Frequency (cps)... . - 

Input current (nominal) amps. . 

Input power (nominal) watts 

Output gradient per 1,000 RPM @ 25°C. 

Phase shift with respect to input at 3600 RPM @ 25°C. 

Null voltage at 25°C. (Maximum Values) 

IN-phase Fundamental at zero speed 

Quadrature Fundamental at zero speed 

Total harmonic 

IN-phase axis error. . 

Quadrature axis error 

Linearity —0 to 4000 RPM (percentage 
of voltage output at 3600 RPM) 

Variation in output gradient with variation in 
ambient temperature (— 55°C. to +80°C.). . 

Variation in axis error with variation in 
ambient temperature (— 55°C. to +80°C.) 

Variation in phase shift with variation in 
ambient temperature (— 55°C. to +80°C.)....... ne ae + 1° 

Warm-up time Seles whoo 

Total unit weight (motor and generator) 


6MV 
10MV(RMS) 
1MV 

IMV 

+ .06% 

+ 0.2% 


+ 7MV + J8MV 





Write for detailed specifications and drawings, or 
for information on other Ketay integrating and 


damping tachometers. 


KETAY DEPARTMENT 


EN * 


NORDEN DIVISION 


UNITED AIRCRAFT CORPORATION 


COMMACK, LONG ISLAND, NEW YORK 
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on the wire. Both RCA and IBM feel this part of the job is in the province 
of the carrier and they use a special device supplied by AT & T. 


Greatest potential of data communication equipment lies in the manu- 
facturing industry where the fast movement of data can serve as an opera- 
tional tool to control such functions as production or transportation. Air- 
frame builders and continuous process firms appear the likeliest buyers. 

The big problem pressing on the airframe companies is production con- 
trol. Building an airplane or a missile, involves a large number of steps 
and machining operations, some of which are scattered widely geographically. 
The manufacturers need to know how work is progressing, where shop orders 
are, what machines are working, and the status of parts and materials—and 
be able to do something about them if necessary. The airframe builders are 
interested in both inplant systems and interplant systems. 

In the continuous processing industries, data communication may supply 
the link to make complete computer control possible. With such equip- 
ment, it is easy to visualize a system that receives orders at a company head- 
quarters, processes them on a data processing computer, transmits production 
information to a plant selected by the machine, and finally directs a process 
control computer to make product of the proper composition and quality. 


Eyeing the estimated $88 billion which manufacturers have invested in 
inventory, an IBM spokesman confidently predicted that inventory control 
and warehousing operations would be a big user of data communication. 
High speed transmission of order data and inventory movement reports 
would make it possible to cut inventory levels by 20 percent. Since it costs 
20 to 30 cents to carry one doilar of inventory, the savings are significant. 

Transportation is another target. Airlines have already exhibited interest 
in a real-time system to control the reservation operation. Railroads have 
an even tougher job keeping track of and control of freight cars, from which 
they earn the bulk of their revenues. A data communication-data processing 
net would mean big savings to shippers who want to move perishable goods, 
for example. If the railroad knew where every car was every instant, and 
could control future movement, the railroad could divert cars carrying 
perishables to take advantage of the best possible market prices. 


Other possible users of data communication nets: 

¢ Insurance companies—life insurance and casualty companies to transmit 
such data as policy updatings, new accounts, and status information from 
branch offices to a centralized data processing unit. 

¢ Banking—to move information about customer accounts from branch 
offices to a headquarters bank. 

¢ Merchandising—to move sales statistics, inventory adjustments, and 
customer accounting from branches to a central data processor. 

¢ Brokerage firms—to maintain customer accounts sold by field offices, 
which would send such information as buy and sell orders, margin account- 
ing, stock records, and monthly statements. 

Business in data communication equipment is just getting started. Col- 
lins has sold two magnetic tape-to-magnetic tape installations. IBM has 
delivered about six tape-to-tape systems, sold over 30 card transceivers. 


But most exciting news is the kind of activity reported by one West Coast 
company last month when it ordered 12 small general purpose computers. 
The company plans to put a small data processing computer at each of its 
divisions, will connect them to one large data processor at company head- 
quarters. When operating, the small machines will reduce data so that 
only summaty information will be passed on to the large 
machine. Such a step will do very little accounting such 
as making up of payrolls, said an IBM systems planner; 
its main job will be control. 


The potential 


Inventory 
control 


More users 


Computer 
networks 





A min lo see 
wite you hie lough spees 


This is Bill Gunning, Vice President of Epsco Inc., Technical Director 
of Epsco-West. His field: high speed, solid state data systems of advanced 
design. His experience: 18 years in data processing and related fields. 


He has specialized in solid-state circuitry since transistors first became 


commercially available—as have most Epsco-West engineers. Bill Gunning 


and those who work with him are mainly responsible for Epsco-West’s 
remarkable growth. They have consistently met rugged specs on time for 
missile, airframe, and industrial applications. Most of their systems have 
resulted in repeat orders. They are the best creative minds in this particular 
discipline. Let them put their know-how to work on your project. 


A call or a letter to Epsco-West will start things off. 











Here was a tough job recently com- 
pleted for Bell Teiephone Labora- 
tories. Through careful circuit design 
and component derating, Epsco-West 
delivered 0.015 per cent overall sys- 
tem accuracy in this 30-channel high 
speed data handling system for use 
with NIKE-ZEUS tests at White Sands. 
The system connects to an analog 
computer which accepts the electrical 
output of tracking radars. Accuracy 
of the computer is 100 parts per 
million. The E-W system takes infor- 
mation from the computer and 
records it on magnetic tape ready 
for direct analysis by a digital com- 
puter. Considering the accuracy of 
the computer, it is apparent why Bell 
Laboratories wanted the most accu- 100 PROGRAM. f*) 
rate high-speed data handling system STEP LOGIC 

available. 
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BILL GUNNING Education: A.B. Physics, UCLA, 1941. Expe- 
rience: DOUGLAS AIRCRAFT CO., designed analog com- 
puter, 4 ke carrier strain gauge equipment, frequency 
modulation displacement and pressure measuring equip- 
ment. RAND CORPORATION, Chief Engineer, electronic 
computers in mathematics division. In charge of design 
and building of Johnniac Computer. INTERNATIONAL 
TELEMETER CORP., in charge of Pay TV development 
program. BECKMAN INSTRUMENTS, Chief of advanced 
Systems Design Section. Developed high and low speed 
data handling systems. Joined Epsco-West in 1958 as 
Technical Director. 


“See us at Wescon”’ 


€psco-West VN 
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240 E. PALAIS ROAD » ANAHEIM, CALIFORNIA 
PRospect 2-1000 
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PHILCO SILICON 


SAT®.. SILICON SURFACE ALLOY TRANSISTORS 4 j G Mi ir be E Q U 7 N Cc Y 
APPLICATIONS FREQ. (MIN.) SPECIAL PROPERTIES 

2N495 Amplifier, Switch, Control | fmax-8 mc Vce=25v, TO-1 case T RAN 4 ' STO rR. 

2N496 Switch ft-7.2 me very low V saturation, TO-1 case 


2N1118 Amplifier, Switch, Control | fmax-8 mc electrical equivalent of 2N495, TO-5 case 


2N1118A | Amplifier, Switch, Control | fmax-8 mc high beta version 2N1118 . Ms 
2N1119 Switch fr-7.2 me electrical equivalent of 2N496, TO-5 case Philco SATs and SADTs have established the 


2N1428 | Amplifier, Switch, Control | fmax-18 me | low cost, high beta, TO-1 case industry’s greatest history of reliability in high 
2N1429 | Amplifier, Switch, Control | fmax-18 mc | low cost, high beta, TO-5 case frequen cy sili con transistors They were the first 
of this type to be made available in production 
quantities and have been used extensively in 
thousands of critical military and commercial 
» ae applications. Philco also has led the industry in 
es ~ «tes —— oe — —— the development of high-speed automatic produc- 
2N1199 wite! 1-75 mc superior temperature stability . : . 
2N1267 | Med. Frequency Amplifier | fmax-43 mc | low beta (video amplifier) tion methods which have made possible a steady 
Se er ren 2 ee reduction of prices. This leadership in both reli- 
2N1269 ed. Frequency Amplifier x-43 me igh beta *1: . . 
2N1270 | High Frequency Amplifier | fmax-128 me | low beta (video amplifier) ability and low price results in the gr eatest per- 
SateTi | Mik Proqsneey Aneto: | fner-138 m0] motion bate formance per dollar in the high-frequency silicon 
1272 requency Am r ax-12 high beta . . . . 
nu \oa eas heme field. For complete data, application information 
superior temperature stability and prices on any of these silicon types, write 
2N1663 | Switch fr-100 mc superior temp. stability... high beta D epartm ent CE760 


PHILCO 


7 Famous fr Quality the World Over 


SADT?’ . SILICON SURFACE ALLOY DIFFUSED-BASE TRANSISTORS 
(All TO-8 cases) 
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LANSDALE DIVISION e LANSDALE, PENNSYLVANIA 
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What’s in a Name 


A management consultant taking his first look at the control field stopped by 
the office last month with his head reeling. “Trying to unravel the shifting 
complexities of the control field is bad enough, but it is almost impossible for 
a neophyte to understand what control engineers are talking about because 
even their language won't stand still,” he complained. 

“In San Diego, when I asked about the prospects of a control component, 
I was told it’s a bomb! So I decided to write that one off as an unhappy ex- 
periment; it wasn’t until a day later that I learned that this was Southern Cali- 
fornia control talk for tremendous, with great potential. 

“Almost everybody I talked to somehow worked start-of-the-art into the 
conversation, but nobody used it the same way. I still don’t know what it 
means. At one engineering office it seemed to mean the latest and hottest 
thing in control. In another, it implied an aura of super knowledge. In still 
another it indicated a limit to present knowledge. 

“The word sophisticated is even worse. The dictionary says it means ‘de- 
prived of original simplicity, made artificial’. But control engineers’ mean- 
ings range from a very complicated design to a very advanced design. 

“Do you know what goodies are? Something from a bakery was my guess 
until I talked with computer people. Around a digital computer, I learned, 
‘goodies’ is a generic preface to the description and listing of the capabilities 
and exquisite features of the latest equipment. 

“I thought going on the air went out of the language when radio pioneers 
like Singing Sam and the Picken sisters dropped out of public view. But I 
find the expression has been reincarnated in the control field to describe 
getting any complex system working”. 

In one respect, the creative originality demonstrated by this oddball jargon 
is a good thing. Coining new expressions is a mark of the enthusiasm con- 
trol engineers have for their dynamic field. And the vivid expression some- 
times stimulates technical interchange. 

But all the interchange in the world doesn’t help advance the field if con- 
trol engineers misunderstand each other because of geographical jargon. Too 
often now engineers find themselves wasting time debating points which look 
like fundamental technical difficulties but which turn out to be differences 
only in semantics. To the serious control engineer with a tough problem to 
solve, sophisticated goodies going on the air is a bomb! to be scorned. 


UE Vawnak 
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Tired of plotting lab data? 
Honeywell instruments can 


Manual logging and plotting of laboratory variables can 
be tedious, time-consuming and subject to human error. 
Gather the data you need quickly, accurately and automa- 
tically with ElectroniK function plotters, multi-purpose 
recorders and precision indicators. They'll save precious 
lab time, and greatly improve the quality of your research 


data. These are versatile instruments, adaptable to many 
uses, and usable for any variable that can be converted to 
electrical values. All feature modular design: Zener diode 
constant voltage unit, compartmented measuring circuit, 
sectionalized motors and quick-connect amplifier. 


Record from 2 to 24 points on the same Universal ElectroniK 
multipoint recorder. Change the number of points at will 
simply by changing the print wheel and a shorting plug. The 
range is also easily changed by replacing the range resistor 


card with a new one. Kits with necessary parts for changing 
points, actuation, and range are available. Calibrated accu- 


‘ 


racy +%% or better. Write for Specification $153-23. 


Measure fast-changing variables with the ElectroniK “%4- 
second recorder. It rapidly and continuously records var- 
iables such as thrust, torque, temperature, pressure or air 
flow, and is well suited for use in missile, engine or rocket 
studies and similar work. Calibrated accuracy +%4%. 
Sensitivity %%. Write for Specification $153-9. 

Plot curves automatically with ElectroniK single or duplex 
function plotters. Single-function plotter measures and 


‘records continuous relationship of one variable as a func- 


tion of the other. Duplex plotter has three measuring cir- 
cuits to continuously record two variables in terms of a 
third. All three measuring circuits can have different milli- 


Various types of ElectroniK recorders are used at Wyle Laboratories, El Segundo, California, for testing missile components. 


i 
; 
. 
? 
} 








| wit de® &" 
Ye 


eo 














do it for you 


volt actuation. These recorders are valuable in missile test- 
ing, stress and engine analysis, nuclear energy work and 
other fields. Write for Catalog C15-1. 


Program test procedures with the ElectroniK curve follower. 
Reproduces the curve of a predetermined program and 
continuously transmits readings of the curve to position the 
set point of a second instrument. Follower remains in band 
2 % in total width for 0.035-inch conductive line. Write for 
Specification $153-19. 


Measure small voltages with the Brown-Rubicon precision 
indicator. Use it to check, calibrate or standardize meters, 
potentiometers and thermocouples, or wherever you need 
frequent, repetitive voltage readings. Overall ranges: 0-70.1 
or 0-160.1 millivolts. Measures any voltage within the over- 
all range to an accuracy of 3 microvolts. Readability: one 


automatically 


microvolt. Sensitivity: one microvolt. Write for Instrument 
Data Sheet 10.0-2a. 

For various, specialized measurements, use ElectroniK nar- 
row span, adjustable span, extended range and high-im- 
pedance input instruments—highly flexible, multi-purpose 
recorders designed for a wide variety of laboratory and 
test applications. Write for Catalog C15-1. 


Your nearby Honeywell field engineer can give you com- 
plete information on these and other instruments that will 
bring new speed, accuracy and ease of operation to record- 
ing laboratory variables. Call him today . . . he’s as near 
as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Avenues, 


Philadelphia 44, Pa. In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 


ElectroniK extended range recorders measure weight and 
thrust of aircraft at Edwards Air Force Base, California. 


ElectroniK recorders chart rpm, vacuum and temperature 
in aircraft component testing at AiResearch Manufac- 
turing Division of Garrett Corp., Phoenix, Arizona 
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Measure dc currents 
0.3 ma to 1 ampere 


@& 428A CLIP-ON 
MILLIAMMETER. 


eid 


Think of the measuring convenience, time saved 
and accuracy gained when you don’t have to break 
into a circuit, solder on a connection, or worry 
about probe loading. 


With the ® 428A Milliammeter and its new probe, 
you literally “clamp around” and read! You get 
maximum accuracy use there is no effective 
circuit loading from the 428A’s de probe. The in- 
strument easily measures dc currents in the pres- 
ence of ac. And insulation is more than adequate 
se — safe measurements at all normal voltage 
eve 


For extremely low current level measurement, sen- 
sitivity can be increased by looping the conductor 
through the “jaws” of the 428A probe two or more 
times. 

Brief specifications are given here; for complete 
details and demonstration on your bench, call your 
® representative or write direct. 


Probe clamps AROUND wire; measures by sensing magnetic field! 


Specifications 


Current Range: Less than 0.3 ma to 1 amp, 6 ranges. 
Full scale — a from 3 ma to 1 amp: 3 ma, 10 ma, 
30 ma, 100 ma, ma, 1 amp. 
Accuracy: + 3% + 0.1 ma. 
Probe inductance: Less than 0.5 zh maximum. 
Probe induced Voltage: Less than 15 mv peak. 
Effects of ac in circuit: Ac with peak value less than 
full scale affects accuracy less than 2% at frequen- 
cies different from the carrier (40 KC) and its har- 
monics. 
Power: 115/230 v + 10%, 50-60 cps, 70 watts. 
Size: Cabinet mount, 7¥2” wide, 1142” high, 144%” 
deep. Weight 19 pounds. Rack mount, 19” wide, 7” 
high, 12Y¥2” deep. Weight 24 pounds. 
Probe Tip Size: Approximately 53e” x 7/16”. Wire 
aperture diameter 3/16”. 
Price: (Cabinet) $475.00; (Rack) $480.00. 

Data subject to change without notice. 

Prices f.o.b. factory. 


HEWLETT-PACKARD COMPANY 


1005H PAGE MILL ROAD © PALO ALTO, CALIFORNIA, U.S.A. 
HEWLETT-PACKARD S.A., RUE VIEUX BILLARD NO. 1, 
GENEVA, SWITZERLAND 
CABLE “*HEWPAKSA"’ * TEL. NO. (022) 26. 43. 36 
CABLE “*HEWPACK" * DAVENPORT 5-4451 
Field representatives in all principal areas 


Test the new bp) 405A DC Digital Voltmeter 


~<-CIRCLE 67 ON READER SERVICE CARD 


CIRCLE 68 ON READER SERVICE CARD 





FIG. 1. 

The Warner & Swasey 
Servofeed machining 
system. 


Numerical 
Building Blocks 
Control Turret Lathe 


THE GIST: The new Warner & Swasey Servofeed 
system permits you to start out with a reason- 
ably priced manually operated turret lathe and 
to add numerical control capabilities as the need 
arises. And no modification is necessary since 
the basic machine is completely equipped with 
servo operated feeds: even during manual 
operation, control is through servo links. Addi- 
tional numerical building blocks can increase 
system capability to include positioning control 
and simultaneous continuous path control of the 
two turrets. Continuous path control uses pre- 
calculated incremental data from punched 
tapes. Positioning control is absolute, employ- 
ing data stored in a 10,000-bit magnetic core 
memory. The instructions in the magnetic core 
matrix are recorded there during an_ initial 
manual machining cycle. In the near future it 
will also be possible to read into the matrix from 
another punched tape prior to machining. 
System is accurate to within 0.0005 in. The turret 
lathe itself is one of the first machine tools to 
be specifically designed to meet the dynamic 
requirements of high performance servosystems 
and to take full advantage of the unique capa- 
bilities of numerical control. 
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HARRY W.MERGLER 

Associate Professor of Control Engineering, 
Case Institute of Technology and 
Consultant to Warner & Swasey Co. 


The building block philosophy of the Warner & 
Swasey Servofeed lathe permits the basic hand op- 
erated machine to be easily adapted to either nu- 
merical stop-position control, to numerical path con- 
trol, or to both, merely by adding assemblies of 
digital logic to the basic tool. The machine described 
here is designated SCA-25 which means a Servofeed 
machine with numerical Contouring, Automatic nu- 
merical stop positioning, and a swing of 25 in. Other 
combinations of the basic machine are designated by 
the prefixes SA and SC. 

Although the SCA-25, Figure 1, represents a rad- 
ical deviation from conventional mechanical design, 
it can be generally described as a turret lathe with 
a four-faced or square turret and a five-faced or 
pentagon turret. A machine such as this rotates a 
workpiece at prescribed angular velocities and causes 
one or more tools to pass over the workpiece along 
paths defined by the displacement of each tool along 
two orthogonal axes. ‘To operate the lathe the fol- 
lowing parameters must be controlled: 

1. Spindle angular velocity 

2. Spindle direction of rotation 

3. Turret coordinate velocities along each of the 

two othogonal axes (feed, in. per spindle rev.) 

4. Relationship between orthogonal coordinate 





velocities for each turret (when cutting path 
is not parallel to either axis) 

Turret face selection 

Relationship of coordinate velocities between 
separate turrets along parallel coordinate axes 
(when two turrets are machining the inside 
and outside diameters at the same time) 

To accomplish these control functions in the 
Servofeed system, each of the two turrets is driven 
along two mutually perpendicular axes by electrical 
servomechanisms. Feed rate, direction, related veloc- 
ities, and position are controlled from numerical 
information stored in the machine’s programmable 
memory systems. Since the relationship between 
spindle speed and feed rate is a key factor in lathe 
control, all data signals are derived from, and ref- 
erenced to, the machine’s spindle. The machine's 
positioning and sequencing control system derives 
its information from normal manual operation or 
from data stored in a 10,000-bit magnetic core 
memory, while the continuous path systems derive 
their control data from punched paper tapes contain- 
ing precalculated programs. Stop-piston control 
is carried out in an absolute mode, contouring in an 
incremental mode. At present the instructions in 
the magnetic core matrix are recorded while man- 
ually operating the machine from the record control 
panel. Soon the system will also include the ability 
to record instructions in the magnetic memory from 
a previously programmed punched tape that is read 
into the matrix prior to starting the cycle. The 
program on this positioning punched tape will either 
be precalculated or be obtained by reading out the 
contents of the magnetic core store after a previous 


manual machining cycle. Figure 2 summarizes the 
various ways of supplying instructions to this system. 


Servosystem features 


The system has four independent axes of control 
related to the z and x movements of the square 
turret and the z and x movements of the pentagon 
turret. Along these axes the servos must contin- 
uously control the tool feed rate from 0.001 to 0.030 
in. per spindle revolution over a spindle speed range 
of 10 to 800 rpm, and must stop-position a tool to 
an accuracy of 0.0005 in. 

Figure 3 shows a typical servo loop and its fre- 
quency response. Armature control of the dec servo- 
motor actuator is derived from a pair of ELC6J 
thyratrons connected for half-wave operation. Note 
that both current and rate feedback are used. ‘The 
former reduces speed error when cutting operations 
increase motor load. Rate feedback effectively in- 
creases viscous damping, permitting stable operation 
and optimum transient performance with greatly 
increased gain. ‘This results in increased system 
torque sensitivity and reduced steady state velocity 
error. ‘The thyrite nonlinear element in the input 
effectively gives system dual-mode characteristics. 

The servos must operate in any one of four basic 
modes: feed, rapid traverse or crawl, contouring, and 
stop. The motor is coupled to the leadscrew through 
a gear box containing a brake and two clutches. In 
the feed mode a spindle driven tachometer generates 
a voltage proportional to spindle speed. A fraction 
of this voltage determined by desired feed is applied 
to the control input of the servo feed control by 
either the numerical control system or the machine 
operator. The feed clutch is engaged and the motor 
drives the slide at the desired velocity. The clutch 
is set to slip at 10,000 Ibs slide force. 

In rapid traverse or crawl a fixed voltage is applied 
to the servo feed control. The craw] voltage is such 
that the slide moves longitudinally at the highest 
velocity from which it can be stopped within 0.0005 
in. (transversely within 0.00025 in.) by reducing 
the signal to zero and applying the brake. The feed 
clutch is engaged during crawl. The fixed input 
voltage for the rapid traverse mode causes the motor 


FIG. 8. High performance servoloop 


and its frequency characteristics. 
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FIG. 2.HOW INSTRUCTIONS ARE 


. MANUAL CONTROL PANEL — Basic machine can be fully manually 
operated from this panel without any of the numerical control ac- 
cessories. But since the complete machine is servo controlled from 
this panel, the machining system can be expanded to include any of 
the other capabilities and equipment shown in this figure without 
modifying the machine or its servoloops. Synchro driven dials replace 
conventional handwheel dials to accurately indicate slide positions; 
lever and knob actuated pots and direction switches permit operator 
to control feed rates and direction of motion of various machine 
elements. 


- MAGNETIC CORE STORAGE FOR POSITIONING AND RELATED FUNCTION 
INFORMATION — Directly controls all positioning and related opera- 
tions. Also can initiate contouring operations as part of overall 
machining cycle, and at any time check the incremental contouring 
system. Positioning data is in absolute digital form. Stored data is 
presently obtained from settings on record control panel during 
initial manual cycle. In future it will also be possible to read in data 
from the read-in and read-out unit. 


- RECORD CONTROL PANEL — When operator runs machine from this 


panel, complete instructions for each command operation can be 
stored in magnetic core matrix as he proceeds through machining 


FED TO SERVOFEED LATHE 


cycle. He sets such things as turret feed modes, command number, 
dwell times, etc. for the initial machining operation and for transfer 
to storage. He cannot, however, record a contouring operation and 
must program in one or both of the prerecorded continuous path 
tapes when irregular contours are to be cut under numerical control 


- READ-IN AND READ-OUT UNIT — While this feature is not included 


with present system, W&S plans to make it available. The unit will 
make it possible to record on punched tape instructions stored in 
magnetic core storage when these instructions originated from 
manual machining cycle. Then if same job is to be repeated in future, 
this information can be read back from tape into the memory system 


- SQUARE TURRET CONTINUOUS PATH TAPE READER — Provides in- 


cremental continuous path cutting information for z and x co- 
ordinate motions of square turret. Motions of square and pentagon 
turrets are coordinated permitting opposed too! (pinch cut) turning 


- PENTAGON TURRET CONTINUOUS PATH TAPE READER — Provides in- 


cremental continuous path cutting information for z and x co- 
ordinate motions of pentagon turret. Data on contouring tapes must 
be precalculated; they cannot be prepared by recording manual 
operations 





to run at top speed with the rapid traverse clutch 
engaged. 

In the contouring mode the feed clutch is engaged 
and the input voltage to the servo feed control 1 
proportional to the difference between desired slide 
position and actual slide position. The brake is 
engaged in the stop mode and the input to the 
servo feed control is reduced to zero. 


Storing instructions on magnetic cores 


Turret lathe operation requires the precise quan 
titative control of a large number of functions in 
addition to the simple positioning of the tool-carrying 
slides. Feed rates, tool selection, and spindle speeds 
are typical of these related functions. During man- 
ual operation an operator makes these necessary selec- 
tions in the process of causing a cutting tool te 
properly traverse the workpiece and stop at some 
accurately specified point. In the Servofeed control 
system this control data is derived either from man- 
ual operation of the machine tool or, in the future, 
from data coded on punched paper tape. In both 
cases these data are in turn stored in the control’s 
core memory system where they are available for 
repeated interrogation by the machine during its 
control cycles. 

The memory consists of approximately 10,000 
ferrite cores mounted in subassemblies that form an 
effective array of 96 x 96 cores. Each horizontal 
row of the core matrix stores a single command in 
binary coded form so that 96 commands can be 
stored in all. Each command contains the following 
instructions coded within a 96-bit row. Note that 
only positioning and related function information 
is included in these matrix-stored instructions; con- 
tinuous path machine instructions are derived di- 
rectly from punched tapes. 


Square turret 

Slide position; slide position address (z or x); 
forward, reverse, stop; feed or rapid traverse; feed 
rate; turret face number; index this command; start 
contour from tape. 
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Pentagon turret 

Slide position; slide position address (z or x); for 
ward, reverse, stop; feed or rapid traverse; feed rate; 
turret face number; index this command; start con- 
tour from tape. 


Spindle 
Gear ratio selection; motor speed selection; for- 
ward, reverse, stop. 


Miscellaneous 
Command change; dwell selection; cycle end. 


To operate a machine from a memory of this 
nature all machine actions must be such that they 
can be commanded, controlled, and indicated elec- 
trically. The array of operator controls meets the 
first requirement, while spindle operation, turret in- 
dexing, and servo driven slides meet the second 
requirement. ‘The last requirement involves a variety 
of transducers ranging from simple limit switches 
to code-generating “analog to digital converters. In 
all cases all modes of machine operation during a 
single cycle must be transduced to a codable form 
compatible with the storage requirements of the 
core matrix. 

The Servofeed system uses the core matrix dif- 
ferently than it would be used in a computer mem- 
ory. For lathe control the array is preset row by 
row, interrogated in parallel, and the data rewritten 
into the cores upon completion of a machine cycle 
or instruction. The nine-core array of Figure 4 shows 
how this is done. The procedure can be extrapolated 
for the complete 96 x 96 core system. 

The first command is selected by closing relay a 
in the command selector. The preceding command 
read from the array contained the coded sequence 
0, 1, 0 as indicated by the state of the memory output 
relays associated with each command digit. To read 
the first command an erase pulse is sent to all ampli- 
fiers to deenergize all memory output relays and to 
erase the instructions contained in this relay bank. 
A large positive pulse is then sent through all cores 
of the first command row a. This is the read pulse 
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FIG. 5. Those cores originally 
magnetized to state C undergo a 
transition when a read pulse is applied. 
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FIG. 4. Sample portion of total 
magnetic core matrix shows operation 
of erase, read, write cycle. 





which magnetizes all cores of this command to a 
point A on the hysteresis curve of Figure 5. Cores 
that contained a | instruction were in a state repre- 
sented by point C on the magnetization curve, and 
cores that contained a 0 instruction were in a state 
characterized by point B on the curve. A change 
of state occurs only for those cores going from C to 
A, so that a signal is induced in only those vertical 
wires that go through the particular cores associated 
with this transition. 

Assume that the center core only of command row 
a contains a | so that its memory output relay is 
energized at the time of the read pulse. One set of 
contacts on this relay acts as memory output and 
signals actuation of the machine function to which 
it is connected, while the other set connects a wire 
through this vertical column of cores to a common 
line. After a command is read, all cores in that com- 
mand row are in magnetization state A. To return 
the cores that were originally in the | state to a | 
state, so that the instruction can be referred to again 
in the future, simultaneous half-write pulses are sent 
through the command read wire and through the 
common wire for the columns that originally read 1. 
These are called half-write pulses because neither 
one of them alone is sufficient to permanently alter 
a core’s magnetization state. 

In this example half-write pulses are applied to 
command row a and to the common line through 
the middle column of cores. Thus only the middle 
core in row a is subjected to both half-write pulses so 
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POSITIONING FROM NUMERICAL DATA 
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FIG. 7. Positioning loop 
shifts gears and stops 
depending on output of 
digital comparator. 


FIG. 6. Rugged analog to digital 
converters, shown separately 
and mounted on machine, 
convert slide position to 

reflected binary data. 


that it is the only core that reverts to state 1, leaving 
the array in the original coded condition. 

As each command is read, the memory goes 
through its erase, read, write cycle. The memory 
output relays are all opened, those relays correspond- 
ing to the columns that contain a | are energized, and 
finally the cores are reset to their original condition. 

To record information in the core matrix by actual 
machine operation or from a prepunched tape, it is 
only necessary to hold the memory output relays in 
the desired position and go through the same erase, 
read, write cycle, applying the half-write pulse to the 
command row selected by the operator or specified 
by the tape. The memory output relays are operated 
by direct connection to the various switches, relays, 
slide-position analog to digital converters, etc. Erase 
has no effect, read clears the cores, and write sets 
the cores to the new command instructions. An 
operator may therefore systematically execute the 
sequence necessary to make a piece, numerically re 
cording each set of instructions in the memory as he 
progresses. Any instruction forming a part of a 
command may be modified at any time. 


Positioning the slides 


The position command data derived from mag 
netic core storage is in absolute form; i.e., the mag 
nitude of each command for each axis is referenced 
to the same fixed coordinate origin. Each lead screw 
drives a pair of shaft encoders that digitize the 
rectilinear position of the associated tool slide. One 





encoder is driven directly by the screw resolving each 
revolution to one part in 1,024, while the second 
encoder is gear driven to indicate slide position to a 
turn of the screw. A screw pitch of 0.512 in. gives 
indication to the nearest 0.0005 in. 

The encoders used here were designed by W&S 
for machine tool duty with attention paid to reliabil- 
ity, ruggedness, long life, and the ability to withstand 
high traverse rates, Figure 6. They consist of op- 
tically coded discs read by photo diodes and generate 
Slide position data in reflected binary form. 

In operation the encoders generate electrical sig- 
nals defining the absolute value of slide position, 
Figure 7. The encoders are interrogated continuously 
and the generated codes compared with the nu- 
merical commands derived from the magnetic core 
memory. When the difference signal falls below a 
predetermined level, the gear box shifts to crawl, 
the brake being applied when the command stop 
position is reached. 


Contouring with one or both turrets 


In the Servofeed system, contouring is defined 
as any Operation that requires the cutting tool to 
traverse the workpiece over a path that is not parallel 
to either the longitudinal or cross slide and which 
requires continuous coordination of displacement 
and velocity between these axes. In addition, a 
primary feeture of this machine is its ability to 
contour simultaneously with two tools so that it 
is frequently necessary to mutually relate coordinate 
displacements and velocities between the two turrets. 
Figure 8 shows this technique applied to machining 
a thin shell using opposed tools. 

This system generates contour functions by means 
of incremental data control. In this technique the 
profile to be generated is approximated by a series 
of tangents or chords whose lengths are determined 
by the required degree of closeness of this linear 
approximation to the desired profile. This length 
A is approximately determined by 

A = 2V Qor 
where p is the radius of curvature of the profile in 
the area under consideration and +r is the maximum 
allowable deviation between the chord or tangent 
and the true profile, Figure 9. 

Contouring operations require three types of com- 
mands: 1) how far, 2) how fast, and 3) which 
direction. This is essentially the nature of the data 
prepared for the control tape. Each command takes 
one word, each word occupying the same tape length 
and containing the following information: 

1. magnitude of either A z or A x, which ever is 

larger to the nearest half thousandth 

. address of A (either z or x) 

. sign of A (plus or minus) 

. sign of 8 (8 is the smaller of A z or A x) 

. feed rate (in thousandths of an inch per 
spindle revolution) 

. Slope (8/A) 


7. command to go to memory cores for next in- 

struction 

This tape data is based on linear approximations 
to a locus that defines the required path of the cut- 
ter’s centerline such that the cutter will reproduce 
the desired path at the workpiece. Since tape prepa- 
ration can become a cumbersome, time consuming 
job if many intricate pieces must be programmed, 
Warner & Swasey has developed a computer assist 
program applicable to the IBM 650 computer or 
comparable equipment. Of course machining pro- 
grams can be prepared using hand calculators. 

Tape data conforms to the proposed EIA standard 
for tape controlled contouring. The tape format 
shown in Figure 10 is read in word blocks by a 
Warner & Swasey photoelectric block reader at rates 
up to 12 blocks per sec. 

The parallel output data from the block reader is 
distributed as shown in Figure 1] and the contour- 
ing process proceeds as follows: 

1. Pulses of frequency f generated by the spindle 
pulse generator are digitally divided in frequency 
divider 1 by a feed rate number r. The output is a 
pulse frequency fr. 

2. Frequency divider 2, preset to a number 38/4, 
divides the pulse train rate fr so that the ratio of the 
output frequencies of the two dividers is simply 8/A. 
Since this is an incremental system, each pulse re- 
sulting from the two division processes represents 
a unit change in each controlled variable, A and 8. 

3. These two pulses trains are then gated to the z 
(plus or minus) and x (plus or minus) inputs of 
their respective bidirectional counters. Note that if 
A z > Ax, pulse train frequency fr is gated to the z 
bidirectional counter and pulse frequency fr 8/A is 
gated to the x bidirectional counter. If A z < A x, 
the reverse procedure is followed. 

4. The count contents of the bidirectional count- 
ers represent an error between the algebraically inte- 
grated command and feedback pulses. This count 
is continuously converted to an analog quantity by 
the digital to analog converters which provide the 
feedback signals to the servo feed controls. 

5. Feedback data from the lead screw is generated 
by the fine encoder coupled directly to the screw. 
In the contouring mode of operation the encoder 
and its associated logic perform the basic function 
of a direction-sensitive pulse generator, producing a 
pulse of proper direction for each unit change of 
the controlled variable caused by servo rotation. 

6. The sequence continues until the number of 
command pulses generated is equal to the number A, 
preset in the displacement register. At this time 
the register signals the tape reader to read the next 
command into the data circuit. 

7. When a contour is completed, the contro] sys- 
tem may be commanded to return to the absolute 
mode of control, deriving its instructions once again 
from the magnetic core memory. 

A typical complex workpiece is shown in Figure 
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CONTOURING FROM INCREMENTAL DATA 


+ 


FIG. 9. Profile approximation 


by linear chords. 





000*000 


xt 


12) 


o00o0e0 
oo0oe0 





:01 0001 0.0001 


S 
° 
° 





Address A 


Sign 8 
Feed rate 
0.001 in. 
per rev 


Pulse generator on spindle 








Frequency | rf 
divider 1 


Frequency |R 


” - 
divider 2 

















Electronic gating 


y 











i 
= 
+ 


12 together with the operational sequence listed 
command by command. This piece requires prepa- 
ration of contouring tapes for both the pentagon 
and square turrets, as well as memory programmed 
stop positions, tool selections, feed selections, etc. 


Mechanical design for 
improved controllability 


The mechanical design of the SCA-25 represents 
a radical departure from conventional lathe configu- 
rations. The entire machine is designed for numeri- 
cal control in contrast to the normal approach of 
applying controls to a rather standard machine. Some 
of the design features are included to achieve im- 
proved controllability; some take advantage of the 
fact that the machine is numerically controlled to 
improve overall machine operation. 

Tilting the ways back 20 deg from the vertical 
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FIG. 11. Key factor in contouring system is 
pulse frequency dependence on spindle speed. 


gives the operator more room, provides for casier 
loading, and improves cutter visibility. At the same 
time the cross slide has been moved to the top so 
that it cuts with the tool facing down, providing an 
opportunity to use widely spaced supporting ways. 
The cutting force always falls below the middle way, 
keeping the force downward on the upper way and 
resulting in greater stability. 

The pentagon turret is offset so that its geometric 
center is below the spindle centerline. ‘This arrange- 
ment gives less tool interference between pentagon 
and square turret tools and, in addition, permits a 
workpiece to be passed through the turret. 

The tilted configuration is made possible by the 
fact that handwheels are not required for manual 
operation. All conventional manual operating de- 
vices are replaced by control levers regulating the 
servo feeds. These are clearly shown on the manual 
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FIG. 12. TYPICAL WORKPIECE AND ITS COMMAND PROGRAM 
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Operation 
~ Face cut 
- Start drill 
~ Drill 


Operation Commands 
OD - 1st rough turn 11 

& — 2nd rough turn 15 

F - \st rough bore 11-12 


COMMAND NO. COMMAND OPERATION 
01 A. Start spindle, 194 rpm 

B. Index square turret to face A 
C. Rapid traverse square turret transversely for face cut 
D. Rapid traverse pentagon longitudinally for start drill 
Command shift — both 
A. Feed start drill (0.012-in. feed) 
B. Feed facing tool (0.009-in. feed) 
Command shift — pentagon turret 
A. Rapid traverse pentagon to clear for index 
B. Continue face cut on square turret 
Command shift — pentagon 
A. Index pentagon to face 2 
B. Rapid traverse pentagon to position for drill 
C. Continue face cut on square turret 
Command shift — pentagon 
A. Feed pentagon for drill 0.012-in. 
B. Finish face cut 
Command shift — square turret 


A. Feed square turret longitudinally 0.100-in. to clear piece 

B. Continue drilling from pentagon 

Command shift — square turret 

A. Rapid traverse square transversely to clear for index 

B. Finish drilling from pentagon 

Command shift — both 

A. Index square turret on face B 

B. Rapid traverse square longitudinally for rough turn 

C. Rapid traverse pentagon longitudinally to clear for index 

Command shift — both 

A. Change spindle speed, 212 rpm 

B. Rapid traverse square turret transversely to rough turn 
diameter 

C. index pentagon to face 3 

D. Rapid traverse pentagon transversely to 


diameter 
Command shift — both 


A. Rapid traverse pentagon longitudinally for rough bore 

Command shift — pentagon turret 

A. Feed square turret for first rough turn (0.009-in 

B. Feed pentagon for rough bore (0.0075-in. feed) 

Command shift — square turret 

A. Rapid traverse square turret transversely to clear 

B. Continue boring from pentagon 

Command shift — both 

A. Rapid traverse square turret longitudinally to position 
for rough turn 

B. Feed pentagon transversely to clear 

Command shift — both 

A. Rapid traverse square turret transversely to rough turn 
diameter 

B. Rapid traverse pentagon longitudinally to position for 
rough contour 

Command shift — both 

A. Rapid traverse pentagon transversely to rough contour 
diameter 


rough bore 


feed) 


II oO Il 



































Operation 
- Outside rough contour 
~ Inside rough contour 


Operation 
J - Finish outside contour 
/ - Finish inside conto 








3 in. taper 
per foot 








B. Feed square turret for rough turn cut (0.009-in. feed 
Command shift — both 


A. Rapid traverse square turret transversely to clear piece 

Command shift — square turret 

A. Rapid traverse square turret longitudinally to position 
for rough contour 

Command shift — square turret 

A. Rapid traverse square turret transversely to position 
for rough contour 

B. Spindle speed, 275 rpm 

Command shift — square turret 


A. Switch pentagon and square to tape for rough contour 

Command shift — both 

A. Rapid traverse cross slide transversely to clear for index 

B. Rapid traverse pentagon longitudinally to clear for index 

Command shift — both 

A. Rapid traverse square turret longitudinally to position 
for final contour 

B. Index pentagon to face 4 

C. Rapid traverse pentagon to position longitudinally for 
final contour 

Command shift — both 

A. Shift spindle, 357 rpm 

B. index square turret to face C 

C. Rapid traverse square transversely to final contour 

D. Rapid traverse pentagon transversely to final contour 
diameter 

Command shift — both 


A. Switch square and pentagon to tape for final contour 
Command shift — both 

A. Rapid traverse square transversely to clear for index 
B. Rapid traverse pentagon longitudinally to rest position 
C. Stop spindle 

Command shift — both 

A. Rapid traverse square turret longitudinally for face cut 
B. Index pentagon to face 1 

C. Rapid traverse pentagon transversely for start drill 





control panel of Figure 2. The rapid traverse con- 
trol is directional and proportional; i.e., the slide 
moves in the direction the lever is pushed at a rate 
proportional to lever displacement. Synchro driven 
dials replace the usual handwheel dials to accurately 
indicate slide position. Dial reading accuracy is bet- 
ter than 0.0005 in. Feed rate is dial selected, and 
feed direction is determined by the displacement of 
the feed lever. 

The servomotors drive low inertia lubricated 
gear trains through electric rapid traverse and feed 


clutches to preloaded ball screws. The bed is con- 
structed of multiple triangular sections for maximum 
rigidity. With the foot end free, the center of the 
bed will support a load of 28,000 Ibs with less than 
0.001 in. deflection. 


Acknowledgement—The author wishes to mention those 
principals involved in the development of the Warner & 
Swasey Servofeed control system and in the preparation of this 
article: Myron S. Curtis; Sterling F. Winchell; Robert Diener: 
Henry Dreyfuss, consultant, industrial design; Robert Griffin; 
Edward Loeffler; Robert Mason;. Harry Schoepe; Ralph Schu- 
man; and Charles Taft. 


CONTROL ENGINEERING 





OPTIMUM RESPONSE RELAY SERVOS 


PART II: 
Putting the theory to work 


THE GIST: In Part | of this series (May ‘60, p. 125) the author introduced the 
optimum response theory and outlined some of the obstacles a designer 
faces in trying to implement this theory with hardware that’s available to- 
day. Here in Part Il he continues with a detailed discussion of techniques 


that have been used either to eliminate or avoid these obstacles. 


Only 


second order systems are treated at this time: higher order and other related 
systems will be covered in the third and final part of the series. 


JOHN B. LEWIS 
School of Electrical Engineering 
Purdue University 


In the design of an optimum response relay servo, 
the specification, ideal synthesis, and analysis phases 
must be followed by the instrumentation and test 
phases. It is at this point that the designer must 
begin to select hardware and make the most of its 
limitations. A wide variety of physical systems have 
been suggested as possible means of implementing 
the idea of an optimum relay system; for purposes 
of discussion these may be classified as follows: 

Class I Systems: Those which apply directly the 
optimum switching criteria. 

Class I-a Systems: Those in which an instrumenta- 

tion of the ideal switching boundaries is attempted. 

Class I-b Systems: Those in which approximations 

to the ideal boundaries are used. 
Class II Systems: Multiple-mode systems. 

Class Ii-a Systems: Those which represent at- 
tempts to eliminate the difficulties caused by relay 
imperfections that become obvious when the 
representative point is near the phase-plane origin. 
Switching boundaries and mode of operation for 
large error and error rate are those of the optimum 
relay system. In this subgroup, both mode switch- 
ing and torque boundaries are encountered. 
Class II-b Systems: Those in which the optimum 
concept is used in the sense of trying to achieve 
minimum time response. Generally only mode 
switching boundaries are used, and the modes are 
those of linear systems which are not always ac- 
celerating or decelerating at maximum values. 
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Class III Systems: Those related systems which, with- 
out the use of any switching operation, perform in 
approximately the same way as an optimum relay 
system. This class of system will be discussed in more 
detail in Part ITI of this series. 

Switching operations required in the first two 
classes can actually be performed in a number of 
ways. Although throughout the present discussion 
attention will be focused on the use of relays, mag- 
netic amplifiers and grid-controlled gas tubes like 
thyratrons have been used quite successfully in cer- 
tain cases. In other cases, novel applications of 
components, such as amplifiers driven far beyond 
their saturation limit, have also proven to be very 
useful. Reliability, speed of switching, power han- 
dling capacity, and compatibility must all be given 
careful consideration during selection of the actual 
switching device. Behavior of the system when 
the representative point is near a switching boundary 
depends strongly on the actual characteristics of 
the switching device used; most of them fall into 
one of two groups. Switches in the first group per- 
form like a relay with dead zone; small oscillations 
frequently occur at the dead zone boundary. Switches 
in the second group have a narrow proportional re- 
gion near the null so that the system operates as an 
ordinary linear system when the representative point 
is in a region of small switch signal. To prolong 
relay life, Spriggs has suggested a circuit in which 
the contacts are closed at null. A special function 























FIG. 7. Example of switching 
functions for optimum systems. 


potentiometer that will provide a linear zone near 
null and full signal at the limits has also been sug- 
gested (Ref. 28). 

The characteristics of the actual signal which will 
operate the switching device are also important. In 
the preceding development of the elementary relay 
system and the optimum response theory, the sim- 
plest method of obtaining this signal would be to 
use a voltage proportional to e (and é) as in Equa- 
tions 3 and 5 (Part I). For an optimum system as 
in Equation 16 (Part I), the signal proportional to 
a is ideally zero when the representative point moves 
along the zero trajectory. A system using this signal 
would remove the accelerating torque at the proper 
switching time, and the representative point would 
tend to move into the decelerating torque region 
where the decelerating torque would switch on. ‘The 
representative point should then move toward the 
origin on a path very close to the zero trajectory, 
depending on any gain in the circuit and sensitivity 
of the switching device. At the origin the signal 
is again ideally zero so that the torque is removed. 
A plot of ideal o versus time, for the example used 
to derive Equation 16, is shown (for KV/] = 1) in 
Figure 7. This signal has been called a switching 
function or control function (Ref. 24). An ideal 
switching function should go through zero with 
finite slope at the switching instants and should 
alternate between plus and minus values. The sign 
of the function should correlate with the sign of the 
torque curve at any instant. The broken line curve 
in Figure 7 represents one example of an ideal switch- 
ing function which might be compared with the 
torque curve in Figure 5 (Part I). The actual 
switching operation is frequently done with two 
switches in cascade so that the function switch is 
not required to switch any appreciable power. 


Direct Implementation—Ideal 


For optimum systems in the I-a group, one of 
the first methods of instrumentation (Ref. 20) de- 
rived error e from position potentiometers and error 
rate € from a tachometer on the output shaft 
(é = -—dc/dt for step inputs). The output member 


was similar to one described by Equation | (Part I), 
but the actual switching boundaries were determined 
experimentally. A mask was prepared which divided 
an oscilloscope screen analog of the phase plane into 
two parts. A photoelectric cell served to detect mo- 
tion of a spot on the screen between the two parts 
and, at the same time, to control the switching. Mo- 
tion of the spot was controlled by deflection voltages 
proportional to e and dc/dt (or —é). Thus in this 
case the required differentiation was done with a 
tachometer and the switching boundary computa 
tion by a physical analog. 

A second method of direct instrumentation used 
biased diode networks to obtain the required rela 
tionship between e and é so that a voltage propor 
tional to é = f(e) can be used in the switching 
signal. In this case f(e) is determined by the shape 
of the switching boundary. Biased diodes have also 
been used for an ideal output member of the 1 /s? 
form (Ref. 21). In this case « in Equation 16 was 
computed. The two-sided biased diode network 
computed |é!é, the network input é being obtained 
from a tachometer. Reference 21 also discusses an 
alternative to the use of «. This is a term derived 
from o and expressed as follows: 


y=é+ [2Ks = Viel =é+ ony dideane (21) 
\ J le 


J 


Figure 7 shows a plot of this term for the values 
used in the previous example (Part I). Actually 
this is a more convenient switching function, since 
the square root is usually easier to mechanize than 
the square law required for o. 

The above systems were designed and tested for 
step inputs. A similar system (Ref. 20) was de- 
signed for a ramp input. In this case, in place of a 
relay, a saturating amplifier with narrow proportional 
band was used as the switching element. This ar- 
rangement produced an oscillation of relatively high 
frequency, an effect mentioned in considering the 
second example in Part I. It should also be noted 
that this system requires a second tachometer to 
obtain input rate in order to solve the expression 
ée — R, —e dc/dt. 

A more recent study (Ref. 29) suggests a method 
for mechanizing the optimum system using actual 
output motor characteristics rather than an ideal 
transfer function. The relationship of Equation 1 
(Part I) is left in functional form, and the switching 
function is derived from a circuit which includes non- 
linear functions .obtained from the torque-speed 
characteristics of the output motor. A system which 
is optimum for step and ramp inputs of variable 
amplitudes requires two differentiators, four non- 
linear function generators, a function multiplier, as 
well as a number of summers and sign changers. 
This particular design falls between the two extremes 
of a completely experimental derivation discussed 
first and a completely analytical approach (Ref. 30). 
The complexity of these theoretically optimum sys- 
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tems will certainly make their use questionable in 
some applications, but their value in demonstrating 
the concept is useful in itself. 


Direct Implementation—Approximate 


There have been several types of systems in the 
I-b class—designs which attempt to approximate the 
optimum system. The use of R-C networks and 
diodes is one way of obtaining a switching function 
which approximates the ideal. The nonlinear lead 
network shown in Figure 8 approximates the opti- 
mum switching boundary by straight line segments 
and generates an approximate y (Ref. 24). It serves 
as a useful device for second order systems subjected 
to step inputs. Correct adjustment of the network 
parameters is important since late switching will 
result in undesirable overshoot. Another network 
(Ref. 31) produces a signal of the type e, + k é for 


step inputs; this is similar to c. For ramp inputs 
this signal becomes e, + k [Ri? — (de/dt)*], and 
the control depends on a kinetic energy error. 

In another possible approximation to the optimum 
system (Ref. 32), an ideal output member of the 
1/s* form follows a parabolic trajectory during accel- 
eration. However, the switching boundary is a 
straight line through the origin as in Figure 3 (Part 
I). By removing the applied voltage at the switch- 
ing instant and introducing damping by dynamic 
braking of the dc shunt output motor, the repre- 
sentative point can be made to follow the straight 
line switching boundary to the phase-plane origin, 
if the slope of the boundary (which depends on p in 
Equation 5) and the slope of straight line trajectory 
which depends on the braking resistor) are the 
same. Thus in this case the switching boundary and 
zero trajectory are the same straight line instead of 
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FIG. 9. Phase-plane trajectory for 


a discontinuously damped system 














FIG. 8. Nonlinear lead network that 
generates an approximate 7. 
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FIG. 10. Trajectories produced by a 
modified optimum nonlinear control. 
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FIG. 11. Experimental determination 
of an optimum switch point. 





the same parabolic curve as in Equation 11 (Part I). 
A typical phase-plane trajectory for this system sub- 
jected to a step input is shown in Figure 9. If a 
valid comparison with the previous optimum system 
is to be made, the braking torque D must be equal 
to or less than KV, the maximum motor torque. An 
extension of this idea, called energy-storage braking 
(Ref. 33), includes an inductance in series with the 
braking resistance so that larger braking torques can 
be obtained. This same reference shows that, by 
proper adjustment of the braking resistance and 
inductance and of the motor parameters, straight 
trajectories are possible; the phase-plane interpreta- 
tion is then the same as in previous cases. 

A piecewise linear system, designed for dead-beat 
time response, also operates in an approximately 
optimum manner (Ref. 34). In its simplest form 
this system accelerates as a linear second-order sys- 
tem. At the switching instant a constant decelerat- 
ing torque, proportional to the error at that instant, 
is superimposed on the existing torque, and the 
system representative point moves toward the origin. 
The torque is removed when é equals zero. The 
switching boundary is again a straight line, e + pé 
0; thus the action is similar to that shown in Figure 3 
except that the decelerating torque magnitude is ad- 
justed so that all trajectories are driven directly to- 
ward the origin, and no overshoot occurs. 

A recent application of the idea of adjusting the 
decelerating torque, called modified optimum non- 


linear control, also uses a straight line switching 
boundary (Ref. 35). With this technique a narrow 
region with boundaries parallel to the é-axis (similar 


to dead zone) is also included when computing the 
switching function; thus the phase plane is divided 
into two zones for maximum accelerating torque 
and one zone for linear control, as in a dual-mode 
system. The modified torque is adjusted so as to be 
directly proportional to the error at switching and 
inversely proportional to an error value found from 
the intersection of the linear switching boundary 
and the ideal maximum decelerating torque zero 
trajectory. ‘This division of the phase plane (with- 
out the single linear zone) is shown in Figure 10; 
the torque reduction exactly offsets the effect of 
earlier-than-optimum switching so that the repre- 
sentative point follows a zero trajectory from the 
switch point to the origin. Response time for the 
modified system varies from 115 percent to 100 
percent of that of the optimum system for step 
input amplitudes between 50 and 100 percent of 
the maximum value for which the system has been 
modified. 

Another recent use of the straight-line switching 
boundary idea has produced a standard controller 
that can be readily adjusted to give nearly optimum 
performance for second-order systems, as well as 
for other systems which can be approximated as 
second order (Ref. 36). The responses of systems 
subjected to step inputs and to step and ramp dis- 
turbances and 60-cycle noise were investigated on 
an analog computer. The effects of changes in 
system parameters and the addition of extra time 
constants were also checked. Results indicate that 
controller settings are not critical. R-C circuits 
and a transistor amplifier were found to give a re 


FIG. 13. Improved dual-mode 
boundaries produce 
a smooth torque reversal. 

















FIG. 12. Shaded areas represent 
regions of linear operation 
for dual-mode systems. 
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liable low cost realization of the re- 
quired switching amplifier. 

An interesting experimental ap- 
proach to the problem of designing an 
optimum relay system was described 
by Neiswander (Ref. 37). ‘This tech- 
nique uses the transient responses of 
the system and requires no mathe- 








matical description of the output 
member. In many cases this experi- 
mental method can actually provide 
a good design even for higher order 
systems. As an example, in designing 
for a step input, the system is first 
operated with a linear switching 











»oundary adjusted experimentally for 
“optimum” rate feedback. Response 


FIG. 14. Two methods for providing 
switched clamping ratio boundaries and 


to a step input is recorded in a posi- typical response trajectories in each case. 


tion error vs velocity plane (similar 
to the e-é plane). A point on the 





optimum switching boundary is then 
obtained by noting where the decel- 
eration trajectory crosses the position 
error axis; this gives an “overshoot” 
value e,. The switch point is shifted 
parallel to the position-error axis by 
this same “overshoot” amount so that 





for the same velocity at the new 
switch point, a similar trajectory will 
pass through the origin in an opti- 
mum manner. Figure 11 illustrates 
this technique in the e-é plane. Sev- 
eral new switch points found in this 
way determine the optimum switch- 
ing boundary. The arbitrary function 











Gain function Phase plane 








of é thus generated plus the original FIG. 15. System in which switching 
rate feedback signal can be combined action provides a gain change. 


with the error signal to provide the 
required switching function. In this 
case it is analogous to o in Equation 16 where the 
term |é|é is replaced by an experimentally determined 
relationship. A similar technique can be used to 
derive a switching function analogous to y in Equa- 
tion 21. The experimental method can also be used 
for ramp and higher order inputs, but the switching 
functions become more complicated. 


Dual-Mode Systems with 
Torque Switching 


The dual-mode type of system was first introduced 
to eliminate the problems associated with switching 
inaccuracies near the phase-plane origin (Refs. 38 
and 39). The torque switching boundaries can be 
instrumented in ways similar to those discussed 
above. The additional problem is one of choosing 
a desirable size and shape for the mode switching 
boundaries and then finding a suitable method of 
obtaining the required mode switching functions. 
Various shapes for the zone of linear (proportional ) 
operation around the phase-plane origin have been 
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suggested; Figure 12 shows several of these. The 
elliptical boundary has been shown to be optimum 
for multiple inputs (Ref. 40), but the rhombic and 
rectangular zones are much simpler to instrument 
and represent a good practical compromise. A simple 
dead zone type of mode boundary based on position 
error alone has also been used 

A somewhat different type of mode boundary 
uses a special zone along the entire optimum switch- 
ing curve. This not only provides for good opera- 
tion of the system when its representative point is 
near the origin but also produces a smooth torque 
reversal (Ref. 41). This type of zone is illustrated 
in Figure 13 for an output member of the 1 /s* form. 
The switching control function is a modification of # 


in Equation 16. 
. C. , 
7s KY ai bat ( k é) 


( C. 
where sat ( —é]})=—1 for ( j :) <-1 











C., Cc. 
- (2) for -1s($4)s1 


=+1 for (4 ‘) ae | (21) 


Addition of the extra term produces a response to 
a step input as shown approximately in Figure 13 
where it is assumed that the saturation values in the 
controller have been properly adjusted. Three dis- 
tinct sections of the trajectory result from com- 
bing o;, for switching with a torque equation, 

T = KV Sat > 01 (22) 
so that the system first accelerates at maximum 
torque, then switches to a torque variation across 
the shaded zone, follows the edge of this zone at 
maximum decelerating torque, and then switches 
to an approximate linear mode near the origin. A 
later study of this system showed the effect of vary- 
ing the width of the quasilinear region (Ref. 42); a 
comparison with the optimum relay system (for zero 
width) could then be made. 

A more recent paper has outlined the design of 
another dual-mode system (Ref. 43) which is ac- 
tually a practical compromise between the ideal 
system and an overly complex circuit. A relay is 
used as the switching device, and for small signals, 
a feedback network around the relay produces quasi- 
linear amplifier operation. For large signals, of 
course, maximum torque is used as in the optimum 
relay system. The mode switching boundary de- 
pends primarily on the magnitude of e, and the 
optimum torque switching boundary is approximated 
with a straight line. For a second order output 
member subjected to a step input the designed sys- 


FIG. 16. Sampled-data 
relay control system 


tem exhibits very nearly optimum response. 

The use of positive instead of negative feedback 
during the first part of the response to a step input 
has also been suggested (Ref. 44). In this case 
the mode switching boundary is the line along which 
the sign of the output signal (which is fed back 
and compared with the input) is reversed. For a 
second order system subjected to a step input, the 
differential equations are: 


& = wr'e — Zwn2e; — ZEwné (positive feedback) (23-a) 
&é =— wr’e — 2twné (negative feedback) (23-b) 


where e; is the initial error or step input amplitude. 
If the damping ratio is large (¢ > 1), a straight-line 
mode switching boundary can be used without intro- 
ducing undesirable overshoot. Accelerating torque 
is large during the positive feedback period and may 
be at its maximum value part of this time. During 
deceleration the operation is similar to that of the 
discontinuously-damped system of Figure 9. 


Dual-Mode Systems 
With Mode Switching Only 


In the last category of systems (Class II-b), the 
idea of optimum response as defined above is not 
used, but the design goal is still a faster transient 
response. For second order systems the phase plane 
can be used to show the mode switching boundaries. 
Switching action is arranged to change the damping 
ratio, the gain, a time constant, or other parameters. 
Two possible ways of imposing mode switching 
boundaries, in order to switch between large and 
small damping ratios, are shown in Figure 14 along 
with possible trajectories for step inputs (Refs. 45, 
46). Figure 15, on the other hand, shows an ex- 

















Output 
member 















































FIG. 17. Step response of a 
sampled-data relay control. 
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ample of switched gain values (Ref. 47). This is 
a fast, wide-band system for large errors and a slow, 
narrow-band system for small errors. A modifica- 
tion to the familiar R-C lead network which uses 
diodes as the switching elements has also been 
shown to be useful in improving transient response 
(Ref. 48). A much more complicated second 
order system described by Flugge-Lotz and Taylor 
(Ref. 49), provides eight different second order 
linear systems by switching to different combina- 
tions of four damping and four gain coefficients. 


Sampled-Data Systems 


So far, in this section on second order optimum 
relay systems, only analog (i.e., continuous-data) 
systems have been mentioned. Furthermore, only 
step and ramp inputs have been used in illustrating 
the various systems. Although this covers a large 
portion of the work which has been done on op- 
timum relay systems, some results of studies on both 
sampled-data and digital systems have been pub- 
lished; and methods of designing optimum systems 
for other types of inputs have been suggested. 

One of the first analyses of a sampled-data ele- 
mentary relay system (Ref. 50) used the describing 
function method to predict conditions for which 
self-sustained oscillations would occur. The system 
considered is shown in Figure 16 and, to predict 
instability, “critical areas” can be found in the com- 
plex plane. These are analogous to the “critical 


curve’ for nonlinear, continuous-data systems and 
the “critical point” for linear systems. A phase-plane 
method has also been introduced for a second order 
system of this type where difference equations are 
used in a manner analogous to that used previously 


for continuous-data systems (Ref. 51). Modes of 
self-sustained oscillations of the system are tabu- 
lated, and the interaction of sampling and relay 
operation is shown to produce rather complicated 
results. A recent analysis (Ref. 52) of a similar 
digital system, a radar range data smoothing system, 
has also used the phase plane to investigate transient 
response. Here again difference equations describe 
the system. This technique yields response infor 
mation at the sampling instants only. 

Another study of an elementary second order 
sampled-data relay system (Ref. 53) shows com- 
plete trajectories for step and sinusoidal inputs and 
a technique for relating the sampling period to the 
switching instants. It clearly indicates the effect 
of sampling in producing oscillations. Input to the 
relay is a sequence of values which are constant (fc1 
a zero-order hold) over each sampling period t thus 
the relay may or may not switch at each sampling 
instant, depending on the sign of its input. For 
an ideal relay the phase-plane trajectories for ac 
celerating and decelerating torques are drawn as 
before, and between sampling instants the repre 
sentative point moves along one of the two types 
of trajectories. The state of the system progresses 
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from C,, C, to Cn 4 1, Cp + 1 (OF Cn, Cn tO Cp + 5 
é, + 1) during an interval of t seconds. 

For a system with an output member of the form 
1/s(s+1) subjected to a unit step input and with 
t = 1, the response is shown in Figure 17. It can be 
seen that the limit cycle “switching boundary” is not 
the é-axis as it was in Figure 2 (Part 1). The dashed 
diagonal lines are lines separated by one sampling 
interval. Other modes of oscillation result for other 
sampling periods and initial conditions, and the 
inclusion of relay dead zone permits operation with- 
out a limit cycle. The use of a saturating element 
instead of a relay for switching is another way of 
eliminating the limit cycle. One method for in- 
cluding the effect of sampling on the location of 
the “switching boundary” is to introduce a stochastic 
parameter (Ref. 54). This is a measure of the 
delay in switching, e.g., the time delay between 
points 1 and 2 in Figure 17. Curves have been pre- 
pared which enable a designer to predict the limit 
of the amplitude of oscillation for a second order sys- 
tem with an output member of the form 1/s(s+-1). 
The problem of defining the switching boundaries 
in a sampled-data system complicates the design of 
an optimum system, and no general synthesis method 
is yet available. 


Other input types 


Analysis and design of optimum relay systems for 
inputs other that steps and ramps has received rela- 
tively little attention in the past. One study has 
considered the response to sinusoidal inputs of an 
optimum second order system which uses the con- 
trol function of Equation 21 (Ref. 24). For sys- 
tems with a torque limitation in the output member, 
some improvement over nonoptimum systems 1s 
noted in that jump phenomena are eliminated or at 
least reduced in magnitude. For arbitrary inputs 
r = r(t) with its first two derivatives, the phase 
plane trajectories are functions of time. One method 
of including this effect is to use an “extended phase 
space” (Ref. 8) in which the dimensions of the 
space are e, é, and t. A new technique suggested 
by Anderson (Ref. 55) uses a swept locus for com- 
puting the correct switching instants for known 
arbitrary inputs. For a second order system (with 
output member of the 1/s? form), Anderson consid- 
ers inputs with derivatives not equal to zero. The 
input function describes a path in the c —dc/dt 
plane, and loci for both plus and minus torques for 
possible positions of the output representative point 
are also constructed for values of At, the travel time 
from a present initial point to a future point. The 
goal is to switch at the proper instant so that the 
output representative point intercepts the input 
point as both move in the phase-plane. The inter- 
section of the locus with the input point trajectory 
for smallest At indicates the point (future time) in 
the phase plane for which both e and é¢ are zero in 
minimum time. It also indicates the required torque 





polarity to reach this point from the initial point 
(present time). A switching computer is used to 
sweep through values of At and future input condi- 
tions at any instant. 

The subject of random inputs to optimum relay 
systems has received even less attention than other 
input types although three recent papers have been 
presented on the subject. 

In one study of a predictor system subjected to 
stationary Gaussian inputs, several effects were in- 
vestigated on a high speed analog computer (Ref. 
56). Results obtained included the variation in 
mean square error with prediction time, dependence 
of optimum parameters on input signal amplitude, 
and a comparison of a predictor system with the 
simpler system described by Equation 16. These 
results showed that the use of prediction resulted 
in superior performance in all cases and that some 
improvement over the simple system of Equation 
16 could be achieved by multiplying the {ele term 
by a factor greater than one. The actual probability 


density function of the response of nonlinear sys- 
tems has also been investigated (Ref. 57), and an 
exponential form has been derived and checked 
(for both a saturating and a relay control) on an ana- 


log computer. This result has been extended to the 
particular case of optimum relay systems, a study 
which clearly indicates the importance of considering 
system performance under large error conditions. In 
a paper by Hopkin and Wang (Ref. 58), both the 
input signal and the response of the output member 
are approximated by power series. By predicting 
future input and response, switching criteria can be 
derived which yield the minimum-time response 
characteristic. The authors run through an example 
for a system having an output member of the 
1/s(7s+-1) form. 

In this system the switching function required 
two switches plus the torque reversing relay. For 
an approximate Gaussian input, the optimum sys- 
tem, when compared to two systems of the ele- 
mentary relay control type, shows marked superiority 
in terms of minimizing the variance of the error 
probability density function. However, the step 
response was essentially the same as that of an ele- 
mentary relay system using an added error-rate term 
in the switching function (i.e., for a system using 
Equation 5). This again emphasizes the fact that 
optimum designs are related to specific types of 
input. 
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What About 


Pilot Plant Instrumentation 


THE GIST: The process pilot plant is a data factory. To this end, considerable 
emphasis is now being placed on instrumenting and controlling pilot units to 
yield accurate, useful information in minimum running time. Like their full scale 
commercial counterparts, pilot plants are operated today within the control spec- 
trum that extends from basic analog control to digital computer control. The auth- 
ors survey the present state of the art and the special considerations involved 
in applying control techniques to pilot plants. 


R. J. FANNING and J. D. BRYAN 
Continental Oil Co. 


Proper measurement methods form the necessary 
foundation for pilot plant control. This discussion 
of special measurement problems will be centered 
on the desulfurization pilot plant, Figure 1. Such 
plants are frequently designed to process 5 to 10 
gal per day of feed at processing conditions of 2,000 
psig and 1,000 deg F. The variables to be measured, 
recorded, indicated, and controlled in a desulfuriza- 
tion process include space velocity, temperature, 
pressure, level, and hydrogen recycle rate. Contin- 
uous stream analysis for sulfur content using an 
X-ray analyzer is now routine. 


Flow Measurement 


One of the more difficult instrumentation prob- 
lems is that of measuring flow. Figure 1 indicates 
typical points where a flow measurement is desired. 
Several devices are available, including turbine meters, 
wet test meters, area meters, orifices, and capillary 
tubes. Orifices and capillaries act as line restrictions 
and are used in conjunction with differential pressure 
transmitters. ‘Turbine meters are not readily avail- 
able for the extremely small flow rates encountered 
in smaller pilot units. Wet test meters are generally 
restricted to low pressure operations and then are 
used only in measuring off-gas flow rates. Area 
meters (rotameters) are useful at low pressures, 
but they are relatively expensive where high pres- 
sures are involved, as in the desulfurization plant. 

Orifices or capillary tubes therefore appear most 
desirable for consideration in such a pilot unit. 
Capillary tubes have the further advantage of pro- 
viding a linear output. This is preferable to an 

FIG 1. The desulfurization pilot plant exemplifies a 


process research unit operating under extremes of 
small flows and high temperatures and pressures. 
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orifice, where flow is proportional to the square 
root of the differential pressure. Capillaries also 
permit the use of larger diameter restrictions for a 
given differential pressure, reducing the possibility 
of line plugging. 

Another problem in pilot plants is that of final 
control of extremely small flows. Pilot units such 
as that shown in Figure 1 require control valves C,,’s 
as small as 0.00005. Often pressure drops across the 
valve must be 2,000 psig. The combination of high 
pressure drop and small flow rates makes valve posi 
tioners mandatory. 


Temperature and pressure measurement 


The simplest and most efficient way to measure 
temperature in pilot plants is with thermocouples. 
The small reactor sizes involved in plants of the 
type under discussion make it difficult to use the 
larger resistance or gas-filled measurement bulbs. 
The primary element output is therefore generally 
a small millivolt signal from the thermocouple. 

No particular difficulties arise in measuring pres- 
sure in the pilot plant. While recent developments 
originating in defense research make available good 
pressure transducers which convert pressure meas- 
urements directly into an electrical signal, con- 
ventional pressure measurement and_ transmission 
methods still prevail in pilot plants. 


Liquid level measurement 


Liquid level measurement in pilot plants such as 
the desulfurization unit demands special considera 


tion. Not only does the pilot plant operate with 
small volumes of liquid, but the liquid is also subject 
to frequent change in composition due to deliberate 
changes in process variables. Accordingly, any large 
holdup of liquid can seriously retard the speed with 
which accurate results can be obtained. Every time 
a variable is changed, a representative sample of the 
liquid product must be available at a sampling point 
a short time later. 

Many level measurement systems require a probe 
of one type or another inserted in the liquid tank, 
but most of them are so large that a tank to enclose 
and hold enough liquid to energize a level probe 
must necessarily contain two to three hours’ accumu 
lation of liquid. Even after the reactor variable has 
reached equilibrium, an additional two to three hours 
would be required to flush the stored liquid. 

Since small time constants are mandatory, all 
liquid level measuring and control points must be 
designed to give the smallest possible liquid holdup 
consistent with adequate control. Level can be 
measured by sensing the hydrostatic pressure due 
to liquid height. The smallest range differential 
pressure transmitter normally available is for 0 to 
20 in. of water column. However, using this trans- 
mitter to measure 20 in. of differential pressure in 
the tank itself would require a tank at least 20 
in. high. The tank must also be large enough in 


diameter to give adequate separation of liquid and 
gaseous phases. The combination of height and 
diameter would give excessive holdup. 

Figure 2 illustrates one method of achieving level 
control with small holdup, again using a 0 to 20 in. 
differential pressure transmitter. Here, the differen 
tial pressure is measured from the top of a shorter 
tank to a lower point on the liquid effluent line. ‘The 
same hydrostatic pressure—equivalent to 20 in.—is 
developed, but 5 in., for example, can be from the 
tank and 15 in. from the effluent line. Such an 
arrangement is equivalent to using a suppressed zero 
level measurement arrangement. The shorter tank 
results in a smaller liquid holdup. 


BASIC ANALOG CONTROL 


Basic single-loop pneumatic control methods have 
been employed routinely for years in pilot plants. 
Now that numerous electronic process control sys 
tems are on the market, considerable attention is 
being given to using them in pilot plants. ‘The 
question of applying pneumatic or electronic con 
trollers can be debated for pilot plants in much the 
same manner as the debate is carried on for com 
mercial plants. However, some of the factors in 
volved can be made a little clearer for pilot plant 
control. For example, transmitter, controller, and 
final control element are usually a few feet apart 
in small pilot units, so there is not usually the ques- 
tion of poor control resulting from pneumatic signal 
transmission of several hundred feet as might occur 
in a full scale plant. From this standpoint, there 
is no penalty from using pneumatic controls. Fur 
thermore, pneumatic systems are on the average less 
costly than electronic systems. 

But electrical signals are definitely preferred for 
temperature control loops. Precision temperature 
sensing is best done electronically, and the control 
ler’s electrical signal is compatible with the final 
control agent—electrical energy—which serves as a 
heat source in many small pilot operations. ‘There 
are other advantages to using electronic control sys 
tems in pilot plants. Electronic devices offer better 
compatibility with other equipment used in advanced 
methods of measuring, transmitting, logging, and 
computing which are and will be employed in pilot 
plant operations. Using electrical signals eliminates 
inaccuracies which invariably result when converting 
from pneumatic to electrical signals. 

There is a sound technical and economic basis 
for mixing conventional pneumatic and electronic 
analog control loops in both semiworks and small 
pilot plants, particularly when continuous stream 
analyzers are employed to yield timely process data. 
Such a hybrid control arrangement provides rapid 
data acquisition together with economy of opera- 
tion and low initial cost. Nevertheless, all-electronic 
control systems will be probably be adapted at the 
time of the introduction of advanced control meth 
ods for pilot plant operation. 
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FIG. 2. Absorbing hydrostatic pressure in the effluent line 
reduces tank holdup volume when using a low range 
differential pressure transmitter to measure liquid level 


ADVANCED ANALOG METHODS 


Some control engineers contend that new instru- 
ments and concepts in process control should be 
proved first in the pilot plant. Careful attention 
to equipment and instruments by skilled, technically 
trained personnel enhances chances of success. The 
concept or control equipment can then be applied 
not only to the new project under pilot study but 
also perhaps to existing commercial plants employing 
a different process. Failures can also be more easily 
handled since the application is experimental. 

The numerous varieties of control methods in 
pilot plants can be categorized as analog or digital 
in character. Briefly, advanced analog methods are 
simply extensions of well-known control techniques. 
Here, analog signals of process variables are given 
somewhat more treatment than mere feedback via 
a simple control loop to a final control element. For 
example, signals of flow and composition can be 
multiplied, via analog means. Also, judicious use 
of addition, subtraction, division, differentiation, and 
integration can improve pilot process operations. 
Analog computations are parallel—not serial—which 
makes them especially valuable for control. 

An excellent example of such advanced analog 
methods in pilot plants was demonstrated by Dow. 
The process under study consisted of the dehydro- 
genation of ethyl benzene to styrene. A Westing- 
house Opcon continuously multiplied the flow 
tate of ethyl benzene and the percent conversion to 
styrene. ‘This product was the process optimum 
criterion. The Opcon made small changes in re- 
lated process variables, awaited the results, then 
moved accordingly in such a way as to produce 
maximum styrene. In certain pilot studies such 
an application should save considerable time in 
defining the best processing conditions. 

Analog computers have also been constructed 
recently which carry out continuous energy balances. 
Basically, they measure the enthalpy and flow rate 
of all materials entering or leaving a given section 
of the process. If the effluent is a material whose 
composition is difficult to measure, the analog com- 
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puter calculates the production rate of a given prod- 
uct, provided the heat of reaction is known and side 
reactions are nil. Conversely, they may provide 
thermodynamic data in pilot plant operation if con- 
tinuous stream analysis is available. 

Perhaps the most elegant approach to pilot plant 
control is the application of systems engineering 
techniques. Some process companies are already 
deeply involved in this approach. Briefly, these 
techniques involve extensive use ‘of engineering 
science and analog computation in developing a proc- 
ess. The research chemist carries out a few highly 
instrumented runs for which a complete record of 
key product compositions and known processing 
conditions are recorded as they vary with time. 
Armed with such data, the engineers and scientists 
use a large computer to develop a complete math- 
ematical model of the process. The process is then 
designed on the computer: runs are carried out, ves- 
sels are sized, controls are added. 

If such an approach can be successfully carried 
out, problems of scaling up the process and its 
control system can be solved on the computer. The 
result would be the elimination—in some cases—of 
the pilot plant and the expense of its construction 
and operation. Any new product development 
project normally requires pilot operation, if for no 
other reason than to produce small quantities of 
materials to supply potential customers. 


DATA LOGGERS AND DIGITAL COMPUTERS 


Considerable interest has been aroused in using 
logging and on-line digital computing in the opera 
tion of pilot plants. Several recent developments 
have demonstrated the technical feasibility of pro 
gramming the computer to start up the pilot plant, 
change operating conditions, and shut it down—all 
without manual attention. A typed log of all process 
conditions is prepared at frequent intervals, carefull; 
recording transient conditions. In addition, the digi 
tal computer can automatically calculate concentra 
tions and corrected flows as well as product yields and 
material balances. The computer is also capable 
of solving a previously established mathematical 
model for its optimum conditions, provided enough 
information is available to characterize the pilot 
operation. For example, partial or ordinary deriva 
tives can be set equal to zero and the optimum cal 
culated in terms of key variables. Established 
methods allow trimming of setpoints for closing the 
loop, if this is desired. 

Initial capital cost of the extra pilot plant hard- 
ware is admittedly high. However, tangible payout 
possibilities result from savings on such benefits as 
unattended operation, elimination of raw data, re- 
duction in number of runs, and immediate avail- 
ability of analytical data. The single greatest gain 
would probably be speed in acquiring precise data. 
A valuable byproduct would be insight to the feas- 
ibility of computer control of full scale plants. 
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FIG. 1. 

View of drone 
aircraft shows 
location of 
fuel tanks. 


Test Fixture Aids Design 
of Fuel Controller 


HERMAN 5S. D. YANG 
Lockheed Aircraft Co. (Georgia Div.) 


GIST: The normal sequence of events in 
control systems design and manufacture 
calls for a prototype system to appear 
first, after which attention is given to 
planning production methods and 
quality control tests. In the case of one 
aircraft fuel control system, however, 
this procedure was reversed so that a 
special bench tester appeared on the 
scene before system design was begun. 
The objective was to make the tester 
serve as a design tool even prior to its 
destined role in quality control. 
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In pilotless or drone operation of multijet aircraft, 
“fuel management” is a uniquely vital function. Over 
long trips the distribution of remaining fuel among the 
many tanks must be automatically regulated to prevent 
wide shifts in tthe plane’s center of gravity with conse- 
quent adverse effects on flight performance. 

The provision of such control was one of the primary 
tasks involved in converting the six-jet medium range 
B-47 bomber for drone service. The QB-47 drone has 
three main and four auxiliary tanks installed in the 
fuselage, Figure 1. Each engine is supplied from the 
main tanks by two booster pumps. The forward main 
tank normally supplies engines Nos. 1 and 6, the center 
main tank supplies engines Nos. 2 and 5, and the aft 
main tank feeds engines Nos. 3 and 4. A crossfeed 
manifold, however, permits any tank to feed any num- 
ber of engines or none at all if the proper valves and 
pumps are manipulated. 

Each auxiliary tank is equipped with two pumps 
of higher delivery pressure than the main tank booster 
pumps. By proper control of pumps and valves, auxil- 
iary tank fuel can be transferred to any main tank. 
Or auxiliary fuel can be supplied directly to any one 
or all of the engines through the refueling manifold, 
the auxiliary fuel-to-engine valve, and the crossfeed 
manifold, by overriding the pressure from the main tank 
pumps. Proper management of this fuel system insures 
that the center of gravity is always within 10 to 32 
percent of the mean aerodynamic chord. 

The automatic fuel controller developed for the 
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Program of fuel control 
operations during flight. 


drone regulates the functioning of 20 pumps and 25 
valves. It consists of a relay logic network that accepts 
input signals from 17 sources like a timer, pressure 
switches, and level indicators. The program built into 
the controller is charted in the block diagram, Figure 2. 
The program is based on long established procedures 
that are followed by pilots when managing fuel systems 
manually. The final version of the automatic fuel con- 
troller consists of 35 relays packaged in a sheet metal 
box. Four AN connectors couple the controller to the 
plane’s wiring networks. 


Tester development 


At the outset it became evident that considerable 
testing would have to be done during the design stages 
to help work out the complex circuitry, to prove the 
safety and reliability of the controller, and to check 
the feasibility of providing certain novel features. 
Actual tests on the aircraft in flight were obviously 
impractical. It was decided, therefore, to build a simu- 
lator that would serve not only during the design phases 
but in eventual production as well. 

Essentially the tester is a mockup of the fuel supply 
system, complete with sources of input signals. It 
consists of a sheet metal panel with indicator lights 
of different colors plus a number of switches and relays 
wired in the same way as in the aircraft fuel system. 
Twenty white indicator lights represent the booster 
pumps for the engines in the main and the auxiliary 
fuel tanks, and 25 sets of green and red lights indicate 
the open and close action of 25 valves. Fuel supply 
selector switches similar to those installed on the 
aircraft instrument board are also incorporated in the 
panel, together with all other switches that control 
the functions of the fuel supply components. Addi- 
tional switches provide simulated input signals, indi- 
cating conditions like 20,000-ft altitude, 20-minute 
time delay, no flow, empty tank, low fuel level, and 
throttle positions. ‘The “‘normal-auto” master switches 
are ganged together in the same way as they would be 


Engine 2 TME | 
Engines 1, 3, 4,5, 6 | ME _ 
Aux -fuel-to-eng valve | 0 | 


T 





Aux fuel tank boosters 
Valves Pumps 
OoO=—C ON. OFF 
‘¢ sig. Aux fue 
Fwd bomb boy O-5C ONS OFF Valves 
4 All 


Engine 2 

-—_< ~ 
Engines 1,3,4,5,6 
Aft aux | Aux-fuel-to-eng vaive 


tank boosters 





Pumps 


OFF 





Aft bomb bay O-%>C ON—x> OFF MAIN FUEL S 


O=="Cc 


Fwd aux ac «ONC OFF 











in the actual aircraft installation. 

By means of the tester, it was possible to simulate 
many different combinations of initial conditions and 
various control modes. The effects of component fail- 
ures and dual input signals were readily observed. The 
tester made it possible to quickly evaluate modifications 
not only in the fuel controller wiring but in the fuel 
management procedures themselves. Another major 
contribution of the tester was the uncovering of sneak 
and stray circuits that inadvertently appeared in the 
design of the fuel controller. 

After the design of the controller was finalized, the 
tester was put into service for checking out the wiring of 
production units. With the master “normal-auto” 
switches set for manual control, the tester functions 
exactly as the B-47 fuel supply system. Colored lights 
respond to the control switches, which are manipulated 
manually just as the pilot would do in the aircraft. 
When the master switches are thrown to the automatic 
position, the colored lamps respond only to the pro- 
grammed signals that are generated by manual switches 
on the tester. Any unexpected response or failure of 
the color lamps indicates some fault in the wiring. 

The prototype drone contract called for an intensive 
flight test program to check out all new control sys- 
tems. Fuel control tests on actual aircraft do involve 
some hazards, especially when a certain amount of 
development work remains to be done on the control 
project. One way to avoid these hazards is to use full 
scale laboratory mockups for making tests. These 
mockups perform admirably but in all cases are rela- 
tively expensive. The bench tester proved to be an 
excellent means for developing a satisfactory new design 
quickly, with minimum effort, at low cost, and without 
hazard. The automatic fuel controller worked perfectly 
on the airplane, except for an initial malfunction caused 
by a loose connection in one of the four plugs. Subse- 
quent improvements and modification of the controller 
were required after several flight checks. These also 
were easily worked out with the aid of the bench tester. 
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The Bernoulli Magnetic Disk Memory, 
a proprietary development of The LFE 
Applied Research Laboratory, is now 
available in prototype or production 
quantities. 


The first models, designated as the 
BD-100 Series, are ideally applicable 
for use in general purpose EDP Sys- 
tems. In addition, because of each unit’s 
small size and weight, and ability to 
withstand severe environmental con- 
ditions, the BD-100 Series is also ap- 
plicable to a wide variety of fixed sta- 
tion and mobile digital computers. For 
a complete description write for Tech- 
nical Data Digest No. 607C. 


SPECIFICATIONS BD-100 SERIES 





Storage Capacity (Max) Bits 





Bits Per Track (Max) 





Bit Rate — kc 





Track Layout As Required 
Typical: 
Total Tracks 





Data Storage Tracks 





Spare Tracks 





Clock and Timing Tracks 





Register Tracks 





Number of Registers 





Register Length — Bits 





Register Adjustment — Bits 


+3 





Disk Speed — RPM 
Induction or Synchronous Motors Available 


1800-8000 





Power Source — cps 


60-400 





Magnetic Heads (Compatible with solid state circuits) 


Typical: (For 200 kc Operation) 
Inductance (Per Leg. — C.T. Coil) — uh 





Write Current (P/P Manchester) — ma 





Read Out (Min. P/P Full Coil) — mv 





Size — Inches (Less Electronics) 





Wide variations from typical specifications can be made 
to meet customer’s requirements. 
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Two New Ways to 
Vary Induction 
Nictor Speed 


THE GIST: Pole changing, frequency changing, and brush shifting techniques 
have all been tried in the quest for an ideal adjustable speed ac drive. Most 
recent discovery was the ball motor (CtE, January 1960, p. 131) where 
skewing the stator to vary effective pole pitch provided continuous speed 
change. Its disadvantage was tricky construction wtih both rotor and stator 
forming parts of concentric spheres. But the approach served as a stepping 
stone to two more practical developments described here: the logmotor and 
the phase mixer motor, both capable of continuous speed variation with 
variable pole pitch cylindrical machines. First indications on small speed 
range 100- to 120-hp models now under construction put the power/weight 
ratio at slightly less than the 0.0105 hp per lb of the spherical machine, 


but well above the next best system, the Schrage, at 0.0088 hp per lb. 


E. R. LAITHWAITE 
Manchester Univ. (England) 


The first approach to varying the effective number 
of poles in an ac machine was the spherical motor 
described in Reference 1. Here both stator and 
rotor surfaces are parts of concentric spheres; varying 
the stator angle gives a continuously variable 2 to 1 
speed range with constant motor efficiency. But 
manufacturing complexity started a search for other 
ways of using the variable pole pitch principle. There 
evolved two brand new cylindrical machines capable 
of a 4 to 1 speed range. Both use the same princi- 
ple—pole stretching. 

In a normal induction motor, stator windings uni- 
formly distributed over a slotted laminated core gen- 
erate a magnetic field rotating around the stator at 
synchronous speed. The number of phases, poles, 
and stator slots determine the average phase differ- 
ence between adjacent slots. For a four-pole, three- 
phase machine with 48 stator slots arranged in groups 
of 12 slots per pole, the stator current phase pro- 
gresses by 15 deg per slot. According to the basic 
formula for a squirrel cage induction motor 

S= > rpm 
to halve synchronous speed S the number of poles 
P must be doubled. In terms of phase change, the 


stator winding must be rearranged to give a stator 
current phase progression of 30 deg per slot, equiva- 
lent to compressing one pole over six slots. ‘This 
concept of stretching or compressing the number 
of slots per pole by changing the phase increment 
per slot opens up a new means of continuous motor 
speed change. Described here are two ways in which 
pole stretching can be achieved using cylindrical 
machines and phase shifting regulators. First is the 
logmotor, a single composite unit including both 
motor and phase shifter. Second is the phase mixer 
motor controlled from separate phase regulators. 


The Logmotor 


The heart of the logmotor is a new type of phase 
shifter feeding the motor stator. A conventional 
speed control phase shifter consists of a wound rotor 
induction motor operating with rotor locked. Either 
the stator or rotor can be used as the primary wind- 
ing, and where only limited phase shift (and hence 
rotation) is required, flexible leads replace slip rings. 
In contrast the new phase shifter features unorthodox 
construction. As shown in the hypothetical form 
of Figure 1 its primary windings are arranged around 
the periphery so that successive pole pitches form 
a logarithmic sequence. ‘Thus the slots could be 
spaced logarithmically, with slot numbers and wind- 
ing arrangement identical to those of an equivalent 
conventional induction motor. Logarithmic pole 
sequences however can be obtained in conventional 


CONTROL ENGINEERING 





Y NMAaii \ ‘ih 











Phase shifter 





| Secondary 
| 





ee 


Interconnectors 

























































































Position 8 


{9—} 19. -}4EHHHD Primory 
9 9 9 @ ® O® © Secondary 


Phase (f } 
sh tter) 


edcge0ode 


FIG. 1. The basic logmotor. 


FIG. 2.Slide-rule model shows 


speed variation method. 


slotting by suitably arranging the coil pitches. ‘This 
arrangement is preferred. 

The squirrel cage stator winding of the phase 
shifter is also spaced logarithmically and, in addition, 
has one end ring removed so that the free ends of 
the conductors provide an n-phase supply with loga- 
rithmic phase distribution. These are connected 
directly to the motor stator conductors to produce 
a uniform phase distribution around the motor 
stator. The other ends of the motor stator con- 
ductors all terminate in a common ring. 

Figure 2 shows how moving the phase shifter 
primary changes motor speed. In position A four 
poles of the primary span nine conductors of the 
phase shifter secondary. Moving the primary to 
the left to position B means that it takes eight 
primary poles to span the same nine secondary con- 
ductors, so that both the four- and eight-pole primary 
span occupy the same physical length on the phase 
shifter secondary. Thus the motor stator is fed with 
a nine-phase supply in each case. If the primary 
distribution on the phase shifter is logarithmic, it 
has been shown that the motor stator poles will 
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THE LOGMOTOR WORKS 


FIG. 4 
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FIG, 3. Variarc mode of operation has phase 
shifter primary shorter than its secondary. 


FIG. 4. Straight-through version of logmotor. 


always be equally spaced (Ref. 2). ‘Then the motor 
rotor will approach a synchronous speed correspond- 
ing to four stator poles being energized when the 
phase shifter spans four poles, and to eight stator 
poles being energized when it spans eight poles. ‘The 
resulting motor speed change is 2.0 to 1. 

The length of the phase shifter primary determines 
the motor’s operating mode. In Figure 2 the primary 
is longer than the secondary. This is varien opera- 
tion where moving the primary alters the number 
of poles required to span a fixed length of motor 
stator. In the alternate variarc mode of operation 
shown in Figure 3, the primary is shorter than the 
secondary. Moving the primary from position A 
to position B in Fi igure 3 energizes a different length 
of motor stator with the same number of poles. 
Combinations of variarc and varien are possible. 


Practical considerations 


The logmotor’s arrangement as shown in Figure 
4 means that extra precautions must be taken in 
motor design. The reasons are twofold: 1) contin- 
ued rotation of the phase shifter primary past the 





360 deg point produces overlap, and 2) in certain 
intermediate phase shifter positions the motor must 
act as a nonintegral pole-pair machine, for example 
as a 7.36-pole machine. 

Overlapping the primary onto the wrong end 
of the phase shifter secondary can cause motor 
stator overloading. The primary windings are essen- 
tially series connected and the current loading in 
the large pole pitch region is lower than in the small 
pole pitch region to the right. Moving the left-hand 
end of the primary, Figure 1, to the left until it 
reenters the area of interconnectors at the extreme 
right (as it would in a circular machine) reflects a 
low value of current per unit length into the bars 
of the phase shifter secondary. In this region the 
interconnectors to the motor are arranged so that 
current loading is further reduced by the wider 
spacing of corresponding motor stator bars. Thus 
motor characteristics are unaffected by overlap in 
this direction. But movement in the opposite direc- 
tion results in an already high current loading being 
further compressed by the interconnectors to an even 
higher loading of the incorrect phase on the motor 
stator. Overlap in this direction must be prevented 
by shortening either primary or secondary winding 
spread and choosing the logarithmic range of the 
primary sufficiently large to enable the desired speed 
range to be obtained without overlap. Figures 2 and 
3 show this condition. 

To overcome the nonintegral pole problem short 
stator machines must be used, since induction ma- 
chines will only operate as nonintegral pole motors 
if there is an effective break in the stator magnetic 
circuit. This break allows flux that has penetrated 
the rotor to decay once per revolution, so that no 
flux is carried around with the rotor. It is the latter 
that prevents running at nonintegral pole speeds. 

Short stator machines differ radically in behavior 
from their conventional closed magnetic circuit 
counterparts (References 3 and 4 cover operational 
and design analysis of these machines). Rotor bars 
on short stator motors are subjected to two transients 
per revolution while flux distribution around the 
airgap is nonuniform. High losses are possible if 
certain design rules are not followed. Most impor- 
tant of these is the relation between rotor efficiency 
and the number of poles n around the active arc 
of the stator. Linked by the equation n/(n + 1), 
for rotor efficiencies greater than 80 percent, n must 
be greater than four. 

Breaking the magnetic circuit on varien operating 
machines is simple, since the energized arc of the 
motor stator is fixed for all speeds and the deener- 
gized arc of stator iron can be physically cut away. 
Another way to destroy the flux that would normally 
be carried around with the rotor is to surround the 
itator teeth of the deenergized arc with a copper 
grid. Although simpler in construction this tech- 
nique incurs an extra copper loss in the shorting 
grid as flux is destroyed. 


ALTERNATE CIRCULAR VERSIONS 
OF LOGMOTOR 
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In variarc machines, variation of the deenergized 
motor stator arc from speed to speed prevents re- 
moval of the deenergized stator iron, since this 
would reduce the total available operating arc. But 
because the primary in this case is shorter than the 
secondary, the unused primary arc can be replaced 
by a shorting grid which reflects as a low impedance 
across the appropriate arc of the motor. 

There are other possible forms of the logmotor 
in addition to the straight-through version shown 
in Figure 4. The concentric form of Figure 5A 
eliminates interconnectors between phase shifter 
secondary and motor stator by using an annular 
ring which carries the phase shifter secondary on 
its outer surface and the motor stator windings on 
the inner. The outer housing carries the logarithmic 
phase shifter primary winding. Moving the annular 
ring provides speed control, while the cutaway iron 
of the stator prevents rotor flux carryover. Alter- 
nate schemes of Figures 5B and 5C achieve the 
same effect by a shorting grid on the phase shifter 
primary for variarc machines. The third construc- 
tion method of Figure 5D uses a double pole struc- 
ture to cancel the strong unbalanced magnetic pull 
caused by nonuniform flux distribution in single 
block machines. The design rule of n > 4 applies 
to each half in the double arrangement. 


Performance characteristics 


The logmotor speed-torque curve approximates 
that of its conventional induction motor counter- 
part for any given primary setting. This is shown 
by the speed-torque curve of Figure 6, obtained for 
a constant six-pole setting on an experimental 400 
cps logmotor. The efficiency curve shown on Figure 
6, although for the same machine, was obtained 
under completely different conditions and should 
not be directly related to the speed-torque curve. 
The efficiencies that are shown are the peak effi- 
ciencies that can be obtained at different speeds 
and different phase shifter settings. This curve 
therefore approximates the efficiency at constant 
slip. High rotor resistance is indicated since max- 
imum efficiency occurs at about 7.5 percent slip. 
Low peak efficiency of 63 percent arises from exces- 
sive magnetizing current caused by small pole pitch. 
This model can be operated over a continuous 4 to 1 
speed range giving constant torque at constant volt- 
age. Output characteristics depend on whether a 
motor operates variarc or varien. Varien operation 
gives torque proportional to speed squared, while 
variarc operation gives constant torque since the 
speed reduction decreases the active motor arc. 

The experimental logmotors that have been built 
demonstrate the feasibility of continuous speed con- 
trol at constant efficiency. However, efficiencies are 
limited to maximum of about 80 percent for sizes up 
to 20 hp when the required speed range is greater 
than 2 to 1. Above 20 hp greater speed ranges are 
possible at higher efficiencies. 


JULY 1960 


The Phase Mixer Motor 


Early experiments on the logmotor phase shifter 
showed that the effect of the logarithmic primary 
could be produced by uniformly spaced slots it 
conductors fed from different phases were suitably 
mixed in the slots. This led to the second method 
of speed variation using pole stretching techniques. 

Figure 7 shows a motor stator containing two 
separate three-phase windings. Each winding is con- 
ventional, except that each slot contains different 
proportions of turns from the two windings. The 
total number of turns in each slot is the same. Both 
windings produce a traveling field in the motor air- 
gap in the same direction, so that if the windings 
are connected in series, the machine operates as a 
conventional induction motor. 
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FIG. 6. Speed-torque curve is for constant setting of 
phase shifter. Efficiency curve is plot of peak efficiency 
at different speeds and different phase shifter settings. 
Note that different conditions mean that curves 

cannot be directly related. 


The speed of the phase mixer motor is varied by 
connecting the A winding to the output of a con- 
ventional phase shifter whose primary is in series 
with the B winding. This feeds currents of different 
phase through the same slot, the net slot current 
being the phasor sum of the two. 

Figure 8 shows how this phase variation occurs. 
For the slots of Figure 7 the turns ratio between 
the A and B windings shifts progressively from 15 
percent A winding in slot 1 to 100 percent A wind- 
ing in slot 7. With the phase shifter set at zero, 
both A and B are excited with currents of the same 
phase, and the total phase shift between slots ] and 7 
is 180 deg. This is the situation of Figure 8A. In- 
troducing a phase difference between windings of 
45 deg produces new phasor directions, Figure 8B, 
the slot 1 change amounting to 64 deg with the 
full 45-deg change occurring on slot 7. The effect 
of this is to alter the total phase difference between 
slots 1 and 7 from 180 deg to a new value of 225 
deg, changing motor speed in the same ratio. 

Net amplitude variation in the slots as the phase 
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HOW THE PHASE MIXER MOTOR WORKS 
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FIG. 7. Phase mixer stator slots hold 
different proportions of two windings. 


FIG. 9. A shows two phase shifters on 
common shaft, B represents winding 
distribution in stator slots for three inputs. 
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angle changes limits the speed ratios that can be 
achieved with a single phase shifter. Setting the 
A winding 90 deg out of phase with the B winding 
reduces the effective mmf in the 50/50 slot by 30 
percent. Increasing the shift to 120 deg halves 
the amplitude in the worst slot and sets the limit 
for the maximum allowable shift. The motor speed 
change produced by this 120-deg shift is equivalent 
to the addition (or subtraction) of two-thirds of a 
pole to the basic pole number. 

For continuous speed variation the phase mixer 
motor must be operated on occasions with a non- 
integral number of poles. For this reason short 
stator machines must be used. The four-pole mini- 
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FIG. 8. Phase difference between slots 
is phasor sum of the winding phases. 


mum design rule sets 4 to 54 as the maximum pos- 
sible speed range with a single phase shifter. ‘his 
can be increased to a ratio of 4 to 6% by using a 
second phase shifter that contributes shift in the 
opposite sense. Figure 9 shows a common shaft 
mounting arrangement for two phase shifters that 
cancels shaft torque and generates shifts of plus @ 
and minus 6 deg. Internal motor connections grad- 
uate the windings from'100 percent to zero for the 
plus @, minus 6, and supply phase inputs. 

The speed range can be extended indefinitely by 
adding more phase shifters. For example, four 


phase shifters generating shifts of plus or minus 6 
and plus or minus 26 increases the ratio to 4 to 94. 
Where double angle phase shifters such as this are 
used, special winding techniques save space by ac- 
commodating the two shifters on the same frame. 


Phase mixer characteristics 


As in the case of the logmotor, the speed-torque 
relationship at any phase setting is similar to that 
of a fixed speed induction motor with a higher-than- 
normal rotor resistance. Since the energized arc 
of the phase mixer motor is always the same, it cor- 
responds to the varien type logmotor but with con- 
stant power characteristics for changes in control 
settings (Ref. 5). Its main advantage over the 
logmotor is that it is easier to construct and repair. 
In addition all motor power does not feed through 
the controlling phase shifters. 
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Quick New Method Gives 
System Time Constants 


H. K. CHATTERJEE, Associated Electrical Industries Ltd., Leicester, England 


A specific simple solution for the two time 
constants of a closed-loop position servo 
using a field controlled de motor 


The open-loop transfer function of a simple posi- 
tion-control servomechanism where an error actuated 
amplifier feeds a field controlled dc servomotor with 
constant armature excitation is 

- K ——_—__ 
p(pT, + 1) (pT: + 1) 
in which C and E are the transforms of the output 
variable and the error signal, respectively. The 
two timie constants T, and T, uniquely describe the 
behavior of the system. 

Here’s a quick new method of determining T, and 
T. for such a system. With the system connected as 
a closed loop (position feedback only), turn up the 
amplifier gain until the system just oscillates follow- 
ing a step input. Note the oscillation’s amplitude A, 
and its angular frequency @,. Also note the step 
input amplitude E, in the error channel. 

The two time constants are then given by the 
expression 


C = 
E (p) 


A, + Vv 5A? —4E? 
2aV¥ Ef —-Az 
where T, is the sum of the numerator terms and T, 
is the difference. 


Equation derivation 


Consideration of the open-loop transfer function 
shows that it has three poles located at —1/T,, 
—1/T,, and at the origin. The characteristic equa- 
tion of the closed-loop system function 

_—— 
FO) = TF 6@ 
is given by 1 + G(p) = 0 or G(p) = —1. This 
can be written as two expressions where |G(p)| = 1 
and arg G(p) = (2n + 1)180 deg where n is zero 
or any integer. Plotting the root locus diagram (Fig- 
ure), the closed-loop poles at the point of marginal 
stability will be situated at U, U’, and R. 
Rewriting the characteristic equation as 


m ze i 8: oe 
p+ #(-7 ° x) + 1,7, * TT, ~° 


shows the sum of the roots as minus (1/T, + 1/T.). 
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Root locus plot for position servo which can be 
solved by simple method derived in this Data File. 


This is equivalent to x at the point of marginal sta 
bility on the root locus diagram where the sum of 
the roots equals (0 + jo.) + (0 —jo.) + (—x + 
j0). 

Overshoot (in this case oscillation amplitude A, ) 
is determined from the root locus diagram (Ref. 1) 
by the equation 
| OR | 
| UR | 
Also root locus conditions show that 6, + 6. = 7/2 
so that tan @, xX tan @, = 1, giving the relation 


w? T,T; = 1 (2) 
Manipulation of equations gives 


wo (7; + T:) = cos ¢ (3) 
@1 (T; _- 72) =+ Vv cot? ¢d-—4 
from which 


A, = £, E; cos @ (1) 


w T, = 4} cote? + Vv cot? ¢ — 4 
and w T; = } cote? — Vv cot? e —4 
As cos ¢ = A,/E,, the two time contestants T’, 
and T, are defined by the expression 


A; + V¥ 5A? —4E; 
2a V £,? — A; 
where summation of the numerator terms gives T, 
and the difference T,. 
REFERENCI 
SYNTHESIS OF FEEDBACK CONTROL SYSTEMS 


BY PHASE ANGLE LOCI, Chu, “Transactions of the 
AIEE”, Vol. 71, Pt. II, 1952, p. 330. 
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Electronic Controls Speed 
Engine Bore Classification 


Problem: Gage V-8 engine blocks, 185 
per hour, for bore size, taper, and out-of- 
round. Decide which of 10 piston sizes 
will fit best, measuring accurately to 50 
millionths of an inch. That's the kind of 
production problem besetting auto makers 
in the manufacture of modern engines. 


Solution: The automatic bore classifier, 
built from well known electronic com- 
ponents by Sheffield Corp., performs 
precision engine measurements faster 
than ever before possible and works to 
tolerances unattainable on manned as- 
sembly lines. 


JOHN R. ZURBRICK 
McGraw-Hill News 


No two cylinders in an automobile engine are pre 
cisely the same size. Random variations, slight but 
still important, always occur in machining. Years 
ago these variations weren’t too important, pistons 
could be inserted with tolerances of plus or minus 
a few thousandths. But for today’s high performance 
engines that isn’t enough. At Chrysler Corp., for 
example, each engine is measured for bore size so 
that, depending on the exact diameter of cach bore, 
any one of ten pistons—differing by only 25 hundred- 
thousandths—may be chosen. 

Chrysler used to measure engine bores with 
semiautomatic air gages. But air gages had their 
disadvantages. It took four gages to measure one 
cylinder, 16 air gages in all to measure one bank 
of a V-8 engine. More important, a workman had 
to read each gage separately, then decide what piston 
size was needed. It was a complicated job, inaccurate 
and time-consuming. 

In contrast, here is what this new cylinder classi- 
fier does: 

> Handles two engine blocks at a time. 

> Gages eight bores simultaneously for diameter, 

taper, and out-of-round. 

> Stamps the piston size for each bore on the block. 

> Makes sure there are no machining lugs. 

> Rejects defective blocks. 

Before the block enters the classifier, a workman 
checks it for imperfections (pits or sand holes) with 
fluorescent lights and mirrors. If he spots a flaw he 
drops a wooden cap over the bore and sends the 
block down the line to the classifier anyway. Later 
it will be rejected automatically. All engines go 
through the classifier since even rejects might be 
reclaimed later with more machining. 
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FIG. 1. Classifier handles two engines at a time 
the left bank of evlinders on th ne that 
right bank on the engine m front of 


engine shown here). Engines mov 


Measuring Sequence 


The machine (Figure 1) handles two blocks at 
once. First the gaging arms enter the bores, run 
ning all the way to the bottom. After a pause they 
turn 180 deg, measuring out-of-round. Next, to 
check bore taper, they run up the cylinder wall, stop 
ping at a classification point about 24 in. from the 
top of the bore. Then they rotate 180 deg, making 
another out-of-round check and also measuring the 
bore diameter. 

Finally the gages withdraw. Two heavy clamps 
drop onto the block, hold it rigidly in place, and 
classification stamps drive into the block from under 
neath, recording the correct piston size for each 





cylinder on the oil pan rail near each bore. 

The block leaves the classifier, going to an idle 
station where six limit switches check for machining 
lugs (which sometimes remain after the block has 
been manufactured on automatic equipment earlier). 
Here, workmen do any hand measuring needed. 

Finally the block is transferred forward to a reject 
station, where off-size or imperfect blocks are auto- 
matically sent sideways onto a roller conveyor to be 
reclaimed. The entire machine is hydraulically 
driven, except for the pneumatic stamping hammers 
and a servomotor stamp positioner. 


How it works 


Heart of the classifier is Sheffield’s Electrojet gage 
pickup consisting mainly of a differential transformer 
cartridge about % in. in diameter and 2 in. long, 
Figure 2. The Electrojet fits crosswise in a cylindri- 
cal gaging wafer and is free to slide back and forth. 
Its rounded, spring loaded tip traces over the bore 
surface to detect deviations. The other end butts 
against the opposite side of the bore. Gages are 
spring-loaded to the gaging arms and have limit 
switches to prevent jamming in undersize or imper- 
fect bores. 

The classifier is designed to measure tolerances 
over a range of plus or minus 0.00125 in., i.e. to have 
a total travel of 0.0025 in. Several years ago Chrysler 
would have divided that kind of tolerance into five 
classes, each differing by 0.0005 in. and each requir- 
ing a separate piston size. Now that isn’t enough. 
The company’s new “plain skirt” pistons have to be 
fitted by 100-millionths. Thus, the overall range 
had to be divided into 10 classes of 0.00025 in. each. 
And since the gage has to measure the break line 
between classes within 10 percent of the 0.00025 in. 
range of each class, measuring accuracy must be 
within 50 millionths of an inch. 

To be usable a bore can have only a slight amount 
of taper. The limit is a taper of 0.001 in., the dif- 
ference between the diameter at the bottom and 
the diameter at the classification point near the top 
of the cylinder. Furthermore, taper must be “for- 
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FIG. 2. Sheffield’s Electrojet gage pickup uses 
differential transformer techniques for high accuracy. 


ward”, the smaller diameter at the top of the bore. 
A reverse taper is rejected. Out-of-round, the differ- 
ence between the smallest and largest diameter 
encountered in a 180-deg sweep around the bore, 
cannot exceed 0.001 in. 


Electronic Systems 


An oscillator energizes the primary winding of the 
Electrojet’s differential transformer. ‘Thus when- 
ever the spring tip on the cartridge moves from a 
neutral position, it will produce a signal in the sec- 
ondary winding. Electrical neutral falls at about the 
middle of the tip’s travel. If the tip is displaced, 
two things happen. There is 1) a phase shift be- 
tween primary and secondary and 2) a change in 
voltage. These changes will be plus or minus, de- 
pending on the direction of movement of the tip. 

The signal is amplified in the Accutron amplifier, 
and goes to a phase sensitive demodulator (see Figure 
3). There it is compared with the original input to 
the cartridge, and changed to plus or minus dc, 
depending on the phase. The signal is now ready 
for the automatic measuring circuits. The signals 
themselves correspond to the air column readings 
on the old Sheffield classifiers. 

The strength of the once amplified signal ranges 
between plus and minus 160 mv. It now goes into 
a modulator section that boosts power again by 
modulating and clamping the dec signal as it is ampli- 
fied. Then it is demodulated back to a more useful 
all-positive dc signal. Signal strength now ranges 
from 20 volts (full-out tip travel) to 60 volts (full-in). 


Reject limits 


Taper and out-of-round are measured with a varia- 
tion circuit, an original of Sheffield’s. It stores maxi- 
mum and minimum voltages, and gives an output 
voltage equal to the variation between them. As the 
gage turns inside the bore to measure out-of-round, it 
sends voltage signals to the variation circuit which 
stores the maximum and minimum values. ‘Too much 
out-of-round will produce a voltage difference strong 
enough to trip a Schmitt trigger which will then 
energize the reject cycle memory, so that the block 
will be rejected at the reject station down the line. 

Taper is measured in much the same manner, 
except that the two signals, one produced at the 
bottom, the other near the top of the bore, are stored 
separately in the variation circuit. The voltage dif- 
ference is positive if a higher voltage is entered first— 
meaning the bore is smaller at the bottom than at 
the top (reverse taper). The block is rejected if a 
bore has reverse taper or if a negative voltage differ- 
ence exceeds a maximum limit, indicating forward 
taper above 0.001 inch. 


Classification 


The machine’s classifying section, the one that 
determines the class of piston fit and stamps it on 
the engine block, is concerned only with diameter. 
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BRISTOL SERVO UNIT. 


The Accutron amplifier also signals the classifier. 
As the gage measures bore diameter it signals a 
Bristol self-balancing recorder with an integral Ben- 
dix-Pacific code disc. The code disc breaks the con- 
tinuous range of voltages from diameter measurement 
into one of 12 categories, the 10 piston size classes 
plus oversize and undersize. 

There is a duplicate code disc connected to the 
shaft of a bidirectional shaded pole servomotor. This 
motor has a circular stampholder attached which 
stamps the piston sizes on the engine block. When 
the two code discs match, the proper stamp is posi- 
tioned under the engine, and sequencing lets an 
air hammer drive the stamp into the block. A relay 
matrix serves as the comparison network. The code 
is Gray binary type. 

The servomotor drives two accessories, an over and 
under switch and an electrical classification switch. 
The over and under switch signals the reject memory 
if the bore is not within the size limits. 

The electrical classification switch is needed to 
operate 10 counters on the machine, one for each 
piston size. The counters tell Chrysler how many 
pistons of each size to order for engine assembly 
later on and also give a good running check on 
quality control by showing how bore size varies from 
time to time. The counters can be reset with a key 
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and are driven by a stepped switch that scans for 
the class of fit for each bore being measured, trip- 
ping the counters the right number of times. The 
electrical classification switch feeds the stepped 
switch. The stamp servocontrol was furnished by 
Bendix-Pacific; Sheffield is also a Bendix division. 

To put the classifier into operation requires only 
eight limit adjustments for out-of-round, eight for 
taper, and eight size adjustments. Before, 32 indi- 
vidual air gages had to be calibrated and adjusted. 
All calibrations are now accomplished at the push 
of a button. The new machine can be set up and 
calibrated to handle a different engine size in 15 to 
20 min. The old semiautomatic air gage classifier 
took 14 hours to set up and calibrate. To change 
over from one engine to another, only the transfer 
rails and limit switches have to be moved. The 
gages themselves just have to have gaging wafers 
and master calibration rings changed. The machine 
is failsafe. Any failure of a limit switch, relay, tube, 
or other part results in a “reject”. 

Chrysler has had two of the machines in opera- 
tion at its Trenton (Mich.) engine plant since 
September 1958, being the first automobile company 
to put the new classifier to work. It has been 
checked out by Sheffield and Chrysler engineers at 
185 engines per hour. 





One of several TRANSCOPE panels in a large petro- Part of an extensive TRANSCOPE installation in a 
chemical plant in the South West. famous southern paper mill. 
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TRANSCOPE Recorders on a graphic panel in a benzol distillation plant in England. 
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TOOL YET DEVELOPED” 


The Taylor TRANSCOPE:’ Recorder 


It is now generally recognized throughout industry 
that the Taylor TRANSCOPE (90] ) Pneumatic Recorder 
is the finest ever built for modern miniature-instru- 
ment panels. Of equal importance, if you’re in the 
market for such instrumentation, the 90J will not be 
obsoleted for many years to come. In fact user reports, 
after two years of field service, are so outstandingly 
complimentary that we believe the name TRANSCOPE 
will rival that of the now famous 20-year-old Taylor 
FULSCOPE* line for obsolescence-free dependability. 
Here are some of the reasons why the 90J is going to 
be the most imitated recorder: 

Servo-Operated Pens with 150 times greater power, as- 
sure unprecedented accuracy of records. 

Unconfused Readability because chart record, pen and 
set-pointare side-by-side. Target-type pens and pointers 
are easiest to see, particularly at a distance. 4” chart 


reads from left to right on rectilinear coordinates. 
Optional Front-of-Panel Settings let you make control 
adjustments easier, quicker and better . 
front of panel... while recording! 

Stays on Automatic Control while the plug-in recorder 
slide is removed for inspection, providing continuous 
fully automatic control. 

Complete Indicating Control Station while recorder is 
removed. Optional switch lets horizontal gage at top 
of recorder show either process variable or output to 
valve. 

Receives Three Variables to be recorded or indicated; 
unique, plug-in Set Point Transmitter allows continu- 
ous control. Available with Process Alarms with 


.. from the 


Memory Pointers; Automatic-to-Manual switching; 
Cascade or Process-output Switch, and many other 


features ... all in one compact case. 
*Reg. U.S. Pat. Off. 


See your Taylor Field Engineer, or write for Catalog 98286. 


Taylor Instrument Companies, Rochester 1, New York, and Toronto, Ontario. 
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STREAM ANALYZER DYNAMICS 


Part Il — Refractometer response to 
temperature and composition change 


The refractive index of a solution is sensitive to composition and tempera- 


ture changes. 


The dynamic response of the Meecomatic differential 


refractometer to both types of disturbances was investigated and is reported 
on in the final part of this series. Thermal response data indicate that the 
detector cell follows a typical first order lag with the value of the thermal 
time constant being related inversely to the mass flow rate through the cell. 

Accurate determination of response to composition changes was pro- 
hibited by a “dead zone” as the instrument blanked out for a time until 
light striations in the cell disappeared. Adding a premixing zone decreased 
this dead zone time. The dead zone phenomenon also occurred with sud- 


den changes in temperature. 


R. L. GRANTON, Lion Oil Co. Div. of 
Monsanto Chemical Co. 


J. O. HOUGEN, Monsanto Chemical Co. 
G. E. DREIFKE, St. Louis University 


No means are provided in the differential re- 
fractometer employing the Anderson detector cell 
for controlling or adjusting the reference cell tem- 
perature, other than by direct heat transfer from 
the flowing sample stream. ‘The refractometer is 
therefore subject to error when the inlet sample 
stream undergoes a change in temperature. These 
dynamic errors were investigated both analytically 
and experimentally. 

The small size and irregular configuration of the 
cell structure, Figure 1, makes a straightforward heat 
transfer analysis difficult. Any simplifying § state- 
ments tend to make the analysis subject to question; 
nevertheless an approximate analysis was made using 
the assumptions listed in the box. Three differen- 
tial equations—heat balances—describe the dynamic 
action of the complete cell structure. These are 
an equation expressing the temperature of the 
liquid (water) actually in the sample cell at any 
time, an equation expressing the reference cell tem- 
perature, and an equation expressing the tempera- 
ture of the outer cell wall: 
aT, 


MC ye" = FC peTi — FCpeTe — heAd Te — Te) 


—h,A,(T, — T;) 


dT, 


MC pw dt 


= h A(T» — T;) 
aT. 


MLge dt 


=hAd(Ty — T-) 

Substituting s for d/dt in the above equations and 
performing appropriate algebraic manipulations re- 
sults in the cell’s thermal transfer function relating 
the effect on reference cell temperature T, of 
changes in input stream temperature T;: 

Te : K,(1 + Te) (4) 

- 5 i (1 + rws)(1 + re8)(1 + 7,8) — Ki(1 + ny8) ‘ 

FC pw 

FC pw + h-A-e + hpAy 
: h,A; + h.A- 
FCpe + heAe + yA; 
MC pw 

h,A, 

ML pe 

heA. 
; _) 
~ FC pe + heAe + hrAr 


where K; = 


K, = 


h-A eTr + h,A rTc 


heAc + hyAr 


71 = 


Cursory examination of Equation 4 indicates: 
> K,, the thermal gain constant, must be less than 
unity—as would be expected for a thermal system. 
> K;, must be less than unity, approaching zero 
rapidly with increasing flowrate. 
>... the mixing time constant for the sample cell, 
must be small at high flowrates since M,,Cyp» is a 
fixed, relatively small number. 
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FIG. 1. Cross section of the differential 
refractometer Anderson detector cell. 





> The term (1 + +,s) approaches unity at low fre 
quencies. 
If these observations are true, then the cell thermal 
transfer function becomes: 
r+ K;, 


T, (s) = 71 a “2 ©) 


Thus, under proper conditions of flow, the response 
of T, to changes in T; can be approximated by a 
gain constant times a first order lag. 


Experimental verification 

The advantage of the analytical approach to de- 
termining the cell thermal transfer function is that 
considerable insight is gained to the effect of flowing 
conditions and the cell’s physical properties on the 
transfer function provided the analysis is verified 
experimentally. 

The next step, then, in the study of stream an- 
alyzer dynamics was to perform a group of experi- 
mental frequency response tests, using the pulse- 
disturbance procedure outlined in the first part of 
this series, Conrrot ENGINEERING, May 1960. Nu- 
merous test runs were made, but only four were 
processed to obtain frequency response data. 

The results from these runs are shown in Figure 
2, and pertinent details are listed in Table I. Table 
I also contains values for the thermal gain and the 
time constants calculated under the same conditions 
existing during the experimental runs. In summary, 
the experimental results verified the theory. 

A comparison of the calculated and experimental 
values of +, indicates reasonably good agreement. 
Using the calculated value as the base, maximum 
variation occurred in Case 10014 with an error of 
23 percent and minimum variation in Case 10013B 
with an error of 7 percent. 

The Bode plots of the experimental results, Figure 
2, follow first order lag profiles reasonably well as 





ASSUMPTIONS EMPLOYED IN 
ANALYTICALLY DETERMINING 
REFRACTOMETER’S DETECTOR CELL 
THERMAL TRANSFER FUNCTION 


1. T-, measured at the point shown in 
Figure 1, is taken to represent the effec- 
tive value for the temperature of the 
reference cell liquid. This assumes in- 
stant and perfect mixing throughout the 
reference cell, which is obviously not 
correct. The only mixing possible is that 
due to convective currents caused by 
temperature differentials in the cell. 
Observation of T- at other points would 
have required major modification of the 
cell, which was not desirable. 

2. No heat is lost through the outer cell 
wall. This assumption is justified on the 
basis that the complete detector cell is 
enclosed inside a shielded compartment 
and is not subjected to ambient air 
movements. The cell wall is also very 
thick and thus has a relatively large 
thermal capacity. 

3. Perfect mixing occurred in the sample 
cell chamber. 
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FIG. 2. Bode plots of the cell thermal 
transfer function obtained experimentally 
verify the analytical findings. 


TABLE I 
THERMAL RESPONSE OF REFRACTOMETER 
DETECTOR CELL 





10016 400 


Experimental 
Case Flow, Tr, ‘ 
No. gr/min sec 


Calculated 
ty Kz, Tw, 
deg /deg deg /deg 


| 


| 110 0.39 | 0.86 

10015 800 | 104 0.46 | 99 0.90 

10014 1,200 | 67 0.60 0.92 

10018B 1,340 | 77 0.71 | 88 0.93 
| 








far as magnitude ratios are concerned. Phase angles 
are first order out to the frequency where 7, occurs, 
but they continue to decrease as for a second order 
lag instead of leveling off at minus 90 deg as would 
be expected for a single time constant. 

This plunging phase angle is due to the effect of 
tr», the mixing time constant of the outer cell. 7. 
would effect phase angle before its effect on magni- 
tude becomes observable, since on the frequency 
response plot, phase angle contributions from a sec- 
ond lag time constant show up at lower frequencies 
than magnitude contributions. 

A comparison of the calculated and experimental 
values of thermal gain K, listed in Table I indicates 
that the first assumption employed in the analysis, 
that T, as measured represents the reference cell 
temperature, is wrong. However the error in thermal 
gain value in no way affects the values of the time 
constants. 

In view of the preceding evaluation, the reasoning 
involved in reducing Equation 4 to Equation 5 is 
correct, except for the effect of 7, on phase angles 
at high frequencies. As the calculated values of r. 
in Table I show, higher flow rates reduce this time 
constant and its effect on the cell’s simplified thermal 
transfer function, Equation 5. 

Dead time, present in all experimental runs and 
inversely proportional to flow rate, was considered 
to be pure transportation lag. Including dead time 
in the thermal response of the low sensitivity de- 
tector cell of the (Meecomatic) differential refrac- 
tometer yields the overall transfer function: 

T, Ken" 
FO "Wie 

The detector cell’s thermal transfer function, 
Equation 5, is used to calculate the refractometer 
response to inlet stream temperature variations and 
to calculate the permissable maximum temperature 
rate of change to keep the instrument within its 
minimum detectable range. 


(6) 


Refractometer response to stream 
temperature change 


The refractive index of most liquids varies in- 
versely with temperature. Since the Meecomatic 
differential refractometer makes no provision for 
controlling or adjusting the reference cell tempera- 
ture, temperature fluctuations show up as an ap- 
parent differential refractive index output. 

The expression relating the refractive index change 
to the temperature differential across the sample 
and reference cells is: 

An = —(dn/dt)(T; — T,) =—K,(T; — T,) (7) 
T; is used here rather than T,, since the sample 
stream sweeps directly across the reference cell input 
window. Employing Equations 5 and 7, the rela- 
tionship between the input temperature and the 
instrument refractive index response due to fluctua- 
tions in input temperature is the transfer function: 
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—K,(1 — Ki)(1 + 


1+ 7,8 
where 7 Tr 


Equation 8 is of course a function of frequency. 
But the dynamic response is also a function of the 
flow rate through the detector cell by virtue of the 
dependence of K; and +, on flow rate. It is possible 
to examine Equation 8 to get some insight to the 
instrument’s refractive index dynamic response to 
inlet temperature, particularly at such limiting con 
ditions as K, equal to zero or unity. Also, the Bode 
plots in Figure 3 resulting from experimental runs 
show the effect of both frequency and flowrate on 
the response. ‘Table II summarizes significant data 
from the Bode plots. 

Note that in the Bode plots the phase shift at 
very low frequencies is minus 180 deg, as expected 
from the negative sign on the transfer function, 
Equation 8. As frequency increases, the lead term 
of the transfer function decreases the lagging phase 
shift; then the lag term starts to increase the phase 
shift. At high frequency the phase contributions 
of the two terms cancel and the phase shift should 
return to minus 180 deg. However, the Bode plots 
in Figure 3 include the frequency response of the 
basic instrument servo (see Part I, May 1960), repre 
sented by a quadratic transfer function with o, 
0.21. Thus the instrument servo contributes addi- 
tional lag to increase the phase angle beyond minus 
180 deg, as shown by the plunging phase angle at 
very high frequencies. 

The shape of the amplitude ratio curves in Figure 
3 also confirms the analytically detived transfer func- 
tion, Equation 8. Since K; must be between 0 and 1, 
7» must be equal to or greater than +,. As the Bode 
plots show, the lead term in Equation § has its break 
point at a lower frequency than the lag term. The 
transfer function also indicates that at high enough 
frequencies the lead and lag terms cancel, causing 
the frequency response curve to flatten and become 
non-frequency-sensitive. Figure 3 verifies this, with 
the frequency at which flattening starts depending 


on K, and r,. 


Resolution determines permitted 
maximum sample temperature rate 


Knowing the thermal time constant of the ref- 
erence cell, z,, aids in calculating the permitted max- 
imum rate of change of sample input temperature 
to keep the refractometer within its minimum de- 
tectable range. Thus: 

dn 


An =— i 


(T; = T.) 

Assume T; = at, a ramp function. Then T;(s) = 
a/s*. For maximum temperature effect, K; =1, 
so that from Equation 5: 


T;(8) 
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FIG. 3. Again experimental frequency response tests 
confirm the analysis; the refractometer response to inlet 
stream temperature changer as a function of flowrate. 


TABLE II 
REFRACTOMETER RESPONSE TO SAMPLE 
TEMPERATURE VARIATIONS 





Case number 10007 10008 10009 


Flowrate, gr/min.. 1,340 . 1,000 
1.43 7 7.8 

50 150 

1,030 300 

0.95 0.71 

0.95 0.50 








* Gain constant at w = 0, Ky = K,K;(1 — K,). 
**Calculated from Ke values shown above with K, - 
and K; = 1.8. 
*** Calculated from 7, and 7; values 








By partial fraction expansion and Laplace trans- 
formation: 


An dt 
wel — ety * “Gn 


For t > +, this effectively becomes: 


7 An x dT 
Tr dn 


where: a = maximum rate of change of input stream 


temperature 
minimum detectable change for instrument 
ANma 
reference cell time constant 
refractive index temperature coefficient 
1/Ky 

The minimum detectable change for the refrac- 
tometer under study was | percent of full scale span 
for the instrument balance plate used. At a water 
flowrate of 400 gr/min, +, = 125 sec (see Table I), 
and dn/dT for water = 0.00015. Then for a range 
of 0.00335 for the refractometer, An,,g — 0.0000335. 
Thus: 


An 


hau du 


Tr 
dn/dT 


0.000335 
= ——j95_ * 0.00015 
Therefore for the conditions stated, the error in 
refractive index due to a change in inlet stream tem- 
perature of 6.4 deg C/hr or less will not be dis- 
cernible at the refractometer output. The maximum 


= 6.4 deg C/hr 


TABLE III 
MAXIMUM RATE OF CHANGE OF SAMPLE 
TEMPERATURE ALLOWABLE WITH MEECOMATIC 
REFRACTOMETER 





Span, An. 
ANma ° os 


0.0067 
0.000067 


0.0105 


0.0000335 0.000105 


Flowrate, gr/min...| 400! 1,340; 400! 1,340 400! 1,340 


1T; 
Max : , deg C/hr| 6.4 
dt 


9.7|12.9 


19.3\'24.2) 30.4 











* Minimum detectable change in refractive index (1 per- 
cent of instrument span for a given balance plate). 


TABLE IV 
EFFECT OF PREMIXING ON DEAD ZONE TIME 





Length of additional mixing space, in. 
Flow, 0 l 2 3 


gr/min Dead zone time, sec 





102. ‘ 14.8 11 
.. SER 5.8 3. § 8.4 
ee ee : 6.7 6 


WP bs :0 dine e's ‘ 8.{ 5.2 5.i 











rate of change of inlet stream temperature for other 
instrument ranges and water flow through the cell 
is shown in Table III. 


RESPONSE TO COMPOSITION CHANGES 


In addition to studying refractometer response to 
pulse disturbances of temperature, the instrument 
was tested for response to excitation with composi- 
tion pulses (see first part of this series) of ethylene 
glycol in water. 

Upon exciting the refractometer by a composition 
pulse, the instrument exhibited a “dead zone” when 
the abrupt composition chain reached the detector 
cell. Mixing striations and insufficienly mixed glob- 
ules occurred at the interface in the cell of the two 
streams of different refractive indices. The striations 
and globules diffused and scattered the refractom- 
eters light beam to such an extent that the beam 
had insufficient intensity to drive the instrument. 
Consequently the refractometer drove off scale and 
remained there until the interference disappeared. 
Then the refractometer responded as if from a step 
change going from up-scale to the new composition 
value, the only lag being due to the basic instrument 
servo response. 

To determine the response without the dead zone 
it would have been necessary to very slowly increase 
the ethylene glycol content of the sample stream. 
An attempt was made to do this while monitoring 
composition with a conductivity bridge. The ex 
periment was unsuccessful. The range of interest 
was below 2 percent ethylene glycol, and bridge lin- 
earity was not obtained in this low range. 

Further work was therefore precluded in studying 
the dynamic response (in the usual sense) to com- 
position changes. Instead experiments were run 
to determine the effect of flowrate and premixing 
on the dead zone time. 

Various lengths of }-in. O. D. copper tubing were 
inserted in the sample line just at the entrance to 
the detector cell, allowing some interfacial mixing 
to occur in the tubing. The effects of premixing are 
listed in Table TV. This table shows that the dead 
zone time decreases with increased flowrate and 
with longer mixing space in the line. Therefore, if 
abrupt changes in composition are to be encoun- 
tered in using the (Meecomatic) differential refrac- 
tometer, it would be advisable to add a mixing 
ahead of the detector cell to overcome the effect of 
the dead zone. 

Discretion must be exercised in determining just 
how long the premixing zone should be. Table IV 
shows that the greatest reduction in dead zone time 
occurs in the first inch. After that the dead zone 
time decreases less rapidly for each additional inch. 
The added dead time due to transportation lag in 
the premixing section could seriously impair the 
dynamic response of the instrument. This trans 
portation lag, which is distinct from the dead zone 
time, increases directly with the length of the pre 
mixing line for any given flowrate. 
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Choosing Induction Regulators 
for Rectifier Control 


The cost of the induction regulator used for control of a rectifier depends 
not on the size of the load but on the range of regulation required. The 
author explains a method for calculating optimum range for tube and 
semiconductor rectifiers to insure most efficient use of regulating capacity. 


P. N. WISE 
General Electric Co. 


The induction regulator is widely used for con- 
tiolling the output of industrial rectifiers, both tube 
and semiconductor types. Such regulators, connected 
as shown in Figure 1, vary the ac voltage applied 
to the rectifier and thus cause a proportional varia 
tion in the de output voltage. With appropriate 
feedback controls the induction regulator can be 
made to adjust rectifier output current or voltage 
to desired levels and to compensate for internal 
voltage drops and fluctuations in the ac supply. 

The choice of the optimum induction regulator 
for a particular application requires consideration 
of two key points. A regulator is rated on the basis 
of regulated kva (actual physical kva of the regu- 
lator) rather than load kva. This regulated kva is 
always equal to the product of the ac load current 
and the series winding voltage, Figure 2. In addition, 
the regulator inherently has equal raising and lower- 
ing voltage ranges and both should be used as fully 
as possible for reasons of cost and size. 

The method of choosing a regulator for a rectifier 
application is best illustrated by a typical example. 
Assume that a rectifier application calls for the fol- 
lowing requirements and characteristics: 

4 to 24 v de 
10,000 amp de 
93 percent 

10 percent 
94 percent 
460 volts, 60 cycles, three-phase, 
+5 percent line voltage variation 


Output voltage range 
Rated load current 
Rectifier efficiency — 
Rectifier regulation— 
Effective power factor— 
Ac supply 


A simple sketch of this system with the character- 
istics appropriately noted is shown in Figure 3, 
which is drawn single-phase for simplicity. The 
regulator compensates for the effect of low source 
voltage by operating in a boosting mode and for 
the effect of high source voltage by working in the 
bucking voltage range. The regulator must also cor 
rect for rectifier system regulation, which is defined 
as the change in voltage drop through the rectifier 
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and transformer from no load to full load. The 
rectifier transformer itself is designed to adjust for 
this voltage drop when the rectifier is at maximum 
voltage and delivering full load current. However, 
when the output voltage of the rectifier reaches the 
minimum level, the load current approaches zero 
and the voltage drop through the rectifier and the 
rectifier transformer essentially disappears. Then 
the compensation built into the transformer is no 
longer needed and must be cancelled by action of 
the regulator. It is seen, therefore, that the rectifier 
system regulation must be considered in the choice 
of regulator voltage range. Further, since the regu- 
lator inherently has equal raise and lower capabilities, 
the calculation for percentage regulator range should 
result in a single value that will satisfy both the raise 
and lower requirements. 

The selection procedure involves two equations, 
one for the raising and one for the lowering range. 


For raising: V(1 — F,.)(1 + 2) B+ RYE 


For lowering: V(i + F,.)( la (Emin) K 
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FIG. 2. Method of connecting primary 
and secondary windings to load. 
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where 


V = nominal input voltage 
> = regulator range, percent (as stated, x is in- 
herently the same for both raise and lower) 
F.. = expected ac voltage variation, percent 
Vmax = Maximum load voltage, percent 
Emin = Minimum output voltage at no load, percent 
of maximum output voltage at full load 
R, = rectifier regulation, percent 
K = constant for converting de voltage to ac 
voltage 


For this specific example these equations become 


Raise: 460(0.95)(1 + x) = 1.10K 


Lower:  460(1.05)(1 — 1.12) = 0.167K 


4 
24 


To solve for one value of x meeting both conditions, 
divide Equation 1 by Equation 2: 
(0.167) (0.95)(1 — 2)(K) = (1.10) (1.05)(1 — 1.12)(K) 
0.159 + 0.1592 = 1.155 — 1.27z 
1.432 = 0.99 
x = 70 percent 

This means that the regulator should have a range 
of adjustment of plus or minus 70 percent to provide 
a rectifier output voltage range from 100 to 16.7 
percent of the full load value, while compensating 
for rectifier system regulation of 10 percent and input 
voltage variations of plus or minus 5 percent. 

Some additional discussion of the term (1 — 1.1x) 
which appears in Equation 2 is appropriate at this 
point. All voltage regulators are compensated for 
their own internal voltage drop to permit them to 
deliver a full raise adjustment at full load, if needed. 
At no load, then, the regulator can raise the voltage 
approximately 10 percent more than it can at full 
load. In other words, the regulator is designed with 
approximately 10 percent more than the rated volt- 
age range, and this extra range is reserved to accom- 
modate a demand for full boost voltage at rated 
load. When the regulator is in the bucking mode, 
this additional capability is available to aid in lower- 
ing voltage, so that the regulator can actually fur- 
nish a bucking voltage that is approximately 10 per- 
cent more than the “nominal rating. The value of 
1.1 is used to take this additional lowering voltage 
into account. 

The full load kva rating of the regulator is calcu- 
lated by dividing the maximum rectifier output by 
the efficiency and power factor of the load as seen 
by the regulator. Here, efficiency is the combined 
efficiency of the rectifier and rectifier transformer; 
power factor is the effective power factor at the 
source terminals of the transformer. 


+5percent 
= osaae 





> 10,000 amps 


460 volts 
three-phase 
60 cycles 


240 kw 





4-24 vd 
1¢ 


—5percent Induction regulator Rectifier Rectifier 
Efficiency = 93 percent transformer 

P F = 94 percent 
Regulation = | Opercent 


FIG. 3. Schematic of circuit used in problem. 


full load kw output_ 


Kva sult nod = ‘efficiency X power factor 


full load de amp X maximum de volts 


“efficiency X power factor X x 1000 


_ ___(24)(10,000)_—_ 
= 7.93) 0.94)(1000) ~ 275 kva 


As stated previously, the regulator is rated not on 
the basis of output kva but on regulated kva, the 
product of ac full load current times the series wind- 
ing voltage. For the 70 percent range of regulation 
stipulated, the series winding voltage (Eg) is 70 a 
cent of the applied voltage. 

Es = 0.70 X 460 = 322 volts 

The ac full load current is determined by dividing 
full load kva by the maximum ac output voltage, 
since the regulator provides full load kva at maximum 
output voltage only. The maximum ac output volt- 
age (E,) at full load is calculated from Equation 1, 
modified as follows: 


E, = 0.95V(1 + 2) 
= (0.95) (460) (1.70) = 742 volts 


Next, ac full load current is calculated as follows: 
full load kva 275 
Ip, = —— = — — 
Vv 3 X max voltage out V3 X 742 
The kva rating of the regulator is now: 
V3 X (213 amp) (322 volts) = 119 kva 
For convenience, the preceding operations can be 
combined by solving the equations in general terms, 
deriving a single expression for regulator kva in 
terms of kva load, range of regulation, and input line 
voltage variation. This single expression is as follows: 
full load kva | oe 


kva or = ; : — 
a 1 — percent input line variation 
percent regulation 
1 + percent regulation 


275 \f 0.70 
¥ (i \(43) = 119 kva 


If regulator kva is calculated from Equation 4, 
ac full load current can be calculated either from 
Equation 3 or by dividing regulator kva by the series- 
winding voltage: 


213 amp (3) 


KvVSregulat. r 
Trt = = = . . 
v3 X series-winding voltage 
119 
~-¥3(460 x 0.70) 


This completes the calculations for determining 
the minimum capacity regulator. It remains to 
specify a voltage rating for the primary of the rec- 
tifier transformer, which must be equal to the maxi- 
mum output voltage of the regulator. In the ex- 
ample, the primary voltage rating of the transformer 
should be 742 volts. 


= 213 amp (5) 


High voltage regulators 


The example used in this discussion is typical of 
the majority of rectifier applications, which have 
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supply voltages of less than 600 volts and are easily 
handled by dry-type regulators for indoor service. 
For larger systems the supply voltage may be as 
high as 13.8 kv. Although the method of calculating 
the rating of high voltage regulators is the same, the 
construction of the equipment will differ. Dry-type 
induction regulators are built only for 600 volts and 
below. Supply voltages above 600 volts call for 
liquid immersed units, which are available in ratings 
up to 15 kv and 2,300 kva. 

The highest class of insulation used in induction 
regulators is rated for 15 kv, so that the output volt- 
age at maximum boost is limited to 17 kv. In 
some applications where the input voltage is 12 or 
13.8 kv, the required range of regulation may exceed 
this 17 kv limitation at the maximum raise position. 
Under these conditions an autotransformer is used 
in conjunction with the regulator to provide same 
range of regulation with lower maximum output. 

In the arrangement shown in Figure 4 the regu- 
lator is excited by the supply voltage. The primary 
winding of the regulator is in parallel with the auto- 
transformer primary and the series winding of the 
regulator in series with the autotransformer sec- 
ondary. The kva rating of the regulator is the same 
regardless of the nominal input voltage and whether 
or not an autotransformer is used. However, the 
connection shown permits use of a relatively small 
autotransformer since part of the power is trans- 
formed directly between the primary and series wind- 
ings of the regulator. The autotransformer handles 
only the difference between load power and the 
power supplied by the regulator. 

In the design of autotransformer systems, some 
modifications of the calculations for range of regu- 
lation are required. Actually, the autotransformer 
merely steps the input voltage down to some lower 
voltage, and the regulator varies the voltage plus 
or minus x percent of this lower voltage to give the 
same Output range. By letting y equal this low volt- 
age rating of the autotransformer and beginning the 
equations at that point, simultaneous equations are 
obtained having two unknowns. The rating of the 
regulator can then be determined in the same man- 
ner as discussed previously. 


Regulator Control 


The simplest type of control employs a motor 
drive that is operated by means of a manual control 
switch to raise or lower the output voltage as re- 
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FIG. 5. 


of induction regulator and transformer 


quired. Much more common, however, are closed 
loop control systems in which a relay senses output 
voltages or currents above or below the predeter- 
mined level and causes the regulator to operate in 
the proper direction to correct the error. The sens 
ing relay is rugged, drift-free, and can maintain an 
accuracy of plus or minus | percent over the full 
regulating range. 

In addition to the basic constant voltage control 
there is often provided an adjustable voltage control 
by which the output voltage to be maintained by the 
regulator can be conveniently varied and controlled 
over a wide range. Adjustable voltage control is ac- 
complished by adding a variable ballast to the con- 
trol circuit in the form of a rheostat on the control 
panel. Automatic control of dc output current is 
also commonly employed in both one-level and 
adjustable forms. For current control the control 
signal can be taken from a dec current transformer 
on the de bus. An alternate scheme is to sense the 
value of the ac current, proportional to the de cur- 
rent. In this case the control signal can be taken 
from an ac current transformer in the regulator. 

Some controls include a “return to max lower” 
feature, which resets the regulator to the maximum 
lower position if line voltage is interrupted. Thus 
the regulator is always in the maximum lower posi- 
tion, with minimum output voltage, when the equip- 
ment is reenergized. A separate source of supply for 
the regulator drive motor may be necessary to permit 
reset action during failure of the main supply. 

Economical application of control equipment for 
de power uses requires knowledge of the basic ac 
power source. This knowledge, in addition to de 
sired system characteristics, will allow a co-ordinated 
approach that will result in economies when selecting 
induction regulators for control of rectifier systems. 
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Reliance Super ‘T’ VS Drives 


Automatic process control from 
standard off-the-shelf components 


Complex control systems are easily designed using ~ 


the Reliance V*S Building Block Approach. Off- 


the-shelf components can be combined in wide *: 


variety to perform a diversity of precise control 
functions. The control of speed,torque and horse- 
power . . . the synchronization of motor speeds 
through feedback systems . . . and the accurate 
sensing devices that make precise control possible 
are an integral part of the V*S system. 


Pneumatic, hydraulic and electric sensing equip- 
ment—such as pressure gauges, photo electric cells, 
level indicators, or strain gauges can be tied directly 
to V*S Drives. Many single-point and point-to- 
point numerical and digital systems have also been 
designed around these V*S Drives. 


Fast—Stepless— 
Wide Speed Range 


VxS Drive components consist of a d-c. drive 
motor, packaged motor controls and operator’s 
control station. Operation is from in-plant a-c. 
circuits. You need only the drive motor at the 
machine . . . controls can be placed at any con- 
venient location. 


High response Reliance drive motors change speed 
over a wide range, smoothly and without steps. 
Selections are infinite. All-electric V*S design per- 
mits inclusion of dynamic or regenerative braking 
for fast stopping. 


A motor-generator set forms the nucleus of the 
motor control unit. Built-in controls regulate volt- 
age and current in the system. You can get any 
required combination of speed, horsepower, torque 
and time characteristics. 
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‘Typical V*S System Using Building Block Approach 


And New Super “T’ V*S Drive 
Now Gives You More 
Power in 35% Less Space! 


Through use of Class B insulation—better ventila- 
tion and new NEMA re-designed a-c. and d-c. 
machines, more power is packed inte sharply re- 
duced space. And this V*S Drive will take 100% 
overloads for one minute duration without failure. 


Reliance Super “T’ V*S Drives can be custom 
designed to meet your specific needs. 


Reliance Sales Engineers are always available to 
work with you. Call your nearest Reliance sales 
office or write for Bulletin D-2506. D-1642 





RELIANCE -ncineerinc co-° 
DEPT. 527A, CLEVELAND 17, OHIO Aaa 


Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VxS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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The Story of an 
Ultra-Reliable Computer 


A picture-text story of the kind of engineering that went into the amazingly 
reliable Athena computer, built to guide the Titan intercontinental missile. 


This large scale transistorized machine experienced only 49 component 
failures in 1 billion component-hours. 


A. P. HENDRICKSON 
Remington Rand Univac, St. Paul 


‘he radio inertial guidance system for the U.S. 
\ir Force ICBM ‘Titan includes a ground based 
digital computer that communicates with the missile 
through radar. The computer is a large scale, gen- 
eral purpose, transistorized machine. Its reliability 
must be of the highest order presently attainable: 
the Air Force contract specification required that 
no more than six out of 1,000 missiles should fail 
to hit the target due to errors or failures on the part 
of the computer. ‘This converts to a mean time to 
failure of 55.4 hours for the entire computer. 

Extremely detailed and thorough application of 
sound engineering and reliability practices has en- 
abled Remington Rand Univac’s Athena guidance 
computer to exceed this rigid specification by a 
factor of four. The parts of the Athena computer 
system which have achieved this remarkable reli- 
ability record have a component population of 
approximately 7,000 transistors, 21,000 diodes, and 
24,000 resistors. Equipment concerned with moni- 
toring guidance operation like magnetic tape ma 
chines, typewriters, and tape punches are excluded. 

Four Athena computers, two of them installed 
at the Air Force Missile Test Center at Cape Canav- 
eral, experienced a total of 49 failures in a total 
operating time of 21,415 hours up to April 27, 1960. 
This is a composite mean time to failure of 447 
hours, or a reliability of 2/1000. The 49 failures 
occurred in 1 billion component-hours. Plotted 
on a cumulative basis the failure rates for the four 
computers were relatively consistent, and from 
smoothed curves the failure rate is less than one fail 
ure per month. All 49 failures could have affected 
guidance, but many would not have since total even 
includes failures occurring during maintenance. 

An idea of the careful attention to finest details 
that is required, at every stage of design and construc- 
tion, to produce a complex system of such reliability 
can be gotten from the following picture story of 
the building of the Athena computer. 
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THE ATHENA COMPUTER: 


Designing for reliability in the Athena, Figure 1, started 
by pronouncing reliability the most important requirement 
in the design. It remained the most important requirement 
for every phase of the design and every part of the com- 
puter. Engineers were educated to this creed: each phase 
of a design contributes to failure; all modes of failure must 
be recognized and steps taken to eliminate them. 

The results of this education are evident in the logical 
design of Athena, as elsewhere. The computer program is 
fixed and stored on a drum; it cannot be modified during 





guidance, even intentionally (the writing circuits are dis- 
abled). A momentary failure or transient error cannot 
cause a permanent change in guidance. Additional hard- 
ware is traded for slower more reliable circuitry. Opera- 
tion is parallel rather than serial to reduce the circuit 
speed. Design rules for interconnecting the building blocks 
provide tolerance for variations in delay with age. 

Special checking modes of operation are selectable from 
the console, Figure 2. A special exercise ties the computer 


RELIABLE CIRCUITS 
PLUS 
RELIABLE COMPONENTS .. . 


Easy maintenance dictated small, simple building blocks. 
A single standard circuit, Figure 3, makes up 75 percent of 
the entire computer. The input diodes function as an OR 
circuit, the surface barrier transistor as an inverter or NOT 
circuit, and the output diodes as AND circuits. Direct 
coupling is used with minus 2 vde representing binary 
zero and ground potential, binary one. Up to six inputs are 
available. A PNP alloy junction transistor connected as an 
emitter follower provides the power necessary to drive 
eight outputs. There are over 3,000 of these circuits in the 
computer, some used as the basic inverter circuit and 
others interconnected to form flip-flops. 

Because this circuit was to be used in such large num- 
bers, considerable effort was justified to make it reliable. 
After establishing the circuit configuration and performing 
the usual laboratory experiments, a program was written 
for the Univac Scientific using the circuit design equations 
to compute optimum component values and transistor para- 
meters. From criteria for expected parameter variations 
with life, the values of all circuit parameters were calcu- 
lated to give maximum circuit stability. The results are 
impressive: even after the beta gain of both transistors has 
dropped to 2/3 of the value at purchase, the diode re- 
verse currents have increased from 50 to 400 microamp, 
and all of the resistors have drifted 10 percent in the 
worst direction, the circuit still tolerates a 10 percent 
supply voltage variation without failure. 

Component reliability evaluation required a very com- 
prehensive program. Substantial quantities of all types of 


output to the input and verifies correct operation. Parity 
checks are made during program loading, and a ‘verify’ 
mode insures that complete and correct data have actually 
been stored on the drum. A simulator uses paper tape to 
produce a bit by bit check of the output of the computer 
for a predetermined set of input data. 

Turning the “Test-Guidance” switch to guidance dis- 
ables all other controls on the console so that operator 
error cannot cause a failure during guidance. 
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components were subjected to extremes of temperature 
humidity, shock, and vibration to determine relative relia- 
bility. Components were chosen on the basis of reliablity 
first and electrical characteristics or efficiency second. Par- 
ticular care was taken to detect a tendency toward catas- 
trophic-type failures which would cause a circuit failure 
every time. Deterioration would be detected by marginal 
checking in normal maintenance, and such components 
would be removed before failure occurred. Large samples 
drawn from every component lot were carefully checked 
both at the manufacturer’s plant and again at Remington 
Rand for adherence to quality level requirements exceeding 
the most rigid military specifications. 

Finally each component was tested individually and 
completely before assembly into the computer. In most 
cases these tests were made on specially designed auto- 
matic machines like the transistor tester in Figure 4. This 
tester moves a transistor through a number of test stations 
by means of a turntable. Test circuitry and parameters 
to be measured are programmed on the plugboard at right. 

Of the 49 failures noted, 22 were component failures 
in the power supply—12 overheated transformers, five 
power diodes, one circuit breaker contact, two bearings 
and a winding in the motor alternator. Twelve components 
failed in the computer proper—pulse transformer, six sur- 
face barrier transistors, a power transistor, a drum head, 
and three diodes. All other failures were wiring faults— 
shorts or opens. None of the component failures were of 
the degradation type; all were catastrophic. 
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FIG. 7 


In the component evaluation program, high humidity 
proved to be the bggest contributor to deterioration of 
components. A special plug-in package which could be 
hermetically sealed was therefore designed for the stan- 
dard circuit. Some of the parts of the package are shown 
in Figure 5 in various stages of assembly. Assembly of the 
entire chassis is a “clean room” operation with tempera- 
ture and humidity control and white smocks and gloves for 
all personnel. Complete records are kept of each operation 
on each unit, including time, date, and operator number so 
that assembly reference can be made during the routine 
analysis that follows every failure. 

A highly reliable contact arrangement, Figure 6, was 
developed for the multipin connectors used on the plug-in 
package. The setup is similar to the knife switches used in 
power circuits with a flattened male pin and a tuning fork 
shaped female contact. Two independent pairs of contacts 
in the female connector give redundancy for added relic- 
bility. Not one case of poor contact has occurred in 150,000 
contacts used to date. 

A selective dip soldering machine is used which permits 
masking the entire circuit and exposing only those areas 
to be soldered. This reduces the heat transfer to com- 
ponents and permits soldering the components to the board 
in one operation and the board to the connector in another 
single operation. Figure 7 shows the results of selective 
soldering. The completed board is given a temperature 
shock from room temperature to plus 155 deg F and then 
to minus 50 deg F os further insursnce against marginal 
components or connections that might show up later as in- 
termittent failures. 

The chassis is baked out under high vacuum to reduce 
the relative humidity to less than 1 percent and then 
pressurized with a mixture of dry nitrogen and helium by 
means of a pressure valve provided. A standard helium leak 
detector is used for checking the final seal. The com- 
pleted chassis is installed in the computer panel, Figure 8. 
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Minuteman 


on .Another ; > i ut Minuteman, a three-stage solid propellant intercontinental 
° es : é , missile, is moving through its early development and test 

major t's ; programs on or ahead of the time schedule originally set for it. 

This advanced ICBM, the fourth in a family of four Air Force 

ballistic missiles, is designed to be fired automatically from under- 


USAF weapon ground silos or mobile launchers. Minuteman will be constantly 


é at ‘‘ready”’ giving America an almost instantaneous retaliatory 
system in : capability for defense e The Minuteman concept developed early in 
1957 when Space Technology Laboratories conducted a study of 


— ‘ ; the characteristics of second-generation missiles to satisfy the 
development oye 
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requirements of the Air Force Ballistic Missile Division. STL provides 

over-all systems engineering and technical direction for Minuteman 

as it has for the Atlas, Titan, and Thor programs. The application of 
compatible components, systems, and experience developed through the 
years is bringing Minuteman closer to the threshold of operational 

capability e Among the industrial organizations developing Minuteman 

are such major contractors as: Boeing Airplane Company for assembly and 
test; Thiokol Chemical Corp., Aerojet General Corp., and Hercules 

Powder Company for engines; Autonetics, a Divisionof North American Aviation 
for guidance; and Avco Corp. for re-entry vehicle. 


To assure continued growth in these and related space 
programs, STL is already projecting state-of-the-art advances 
five and ten years ahead. Outstanding scientists and 

engineers with unusual capabilities in propulsion, electronics, 
thermodynamics, aerodynamics, structures, astrophysics, 
computer technology, and other related fields and disciplines are 
invited to investigate positions at STL. Please send resumes to: 


SPACE TECHNOLOGY LABORATORIES, INC. 
P. O. Box 95004, Los Angeles 45, California, Attention: Mr. Richard A. Holliday 


Los Angeles e San Diego e Santa Maria e Sacramento e Denver e Cheyenne 
Cape Canaveral e Washington, D.C. e Manchester, England e Singapore e ‘Hawaii 
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MSA Instruments apply all these principles 


Catalytic Combustion 














Infrared Analysis: Now MSA 
bridges another important instrument 
gap. The bridge is a simplified low-cost 
infrared analyzer. One that substan- 
tially reduces the size, complexity and 
high cost of most available instruments. 

The new M-S-A® LIRA® Model 
300 IR Analyzer has the inherent reli- 
ability and accuracy of earlier MSA 
analyzers. But it’s for use in applications 
where extreme sensitivity isn’t so essen- 
tial. Lets you analyze gases, vapors and 
liquids faster, more economically. 

Weight: only 40 pounds. Size: a trim 
S” * 10%" x 20”. 

Our techniques and principles involve 
a number of other interesting instru- 
ment concepts. They’re reflected in the 
symbols spanning the pages above. 

An MSA Instrument Specialist can 
apply one or more of these principles to 
your immediate problems. So talk with 
him about our precision instruments. 
They’re sturdy instruments. And they 
are reliable. 

Write for new M-S-A LIRA Model 
300 bulletin or any of our other process 
stream analyzer literature. 
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for dependable process stream analysis 
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FAST SWITCHING specify 


new Hughes 2N1254-2N1259 
P-N-P transistors 


Here are the fastest switching p-n-p silicon mesa transistors ever 
developed. Look at these outstanding features: Typ. f, of 75MC... 
. B of 


..low collector capacitance. 


thin base region ...low stored base charge.. 


1.5 min at 50MC...8 of 1.75 typ. at 50MC. 


-low ta t ts tr... 


These transistors have good high-level gain characteristics, excep- 
tional low-level gain characteristics, plus high breakdown voltage. 
They give excellent performance at low voltages, and they are 


outstanding for high-voltage switching.* 


These new high-speed transistors are available in production 
quantities—right now! 


*The series is also available with the same electrical characteristic 


in a collector—grounded 
configuration with a free air power dissipation of 750 MW 


There is a Hughes sales office or authorized distributor in your area. Give them a call 
today. Or, if you prefer, write Hughes Semiconductor Division, Marketing Department, 
Newport Beach, California. 
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Types—2N 1255, 2N1257, 2N1259 
D.C. Current gain vs. Collector current 
VCE = 1 volt;Temp — aie + 3°c 


Types—2N1255, 2N1257, 2N1259 
D.C. Current gain vs. Collector current 
VCE = 1 volt:sTemp — 25°c + 3°c 
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Collector Current (Ic) in Milliamperes 
Typical Value 
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Types—2N 1255, 2N 1257, 2N1259 
D.C. Current gain vs. Collector current 
VCE = 2 voltssTemp — 25°c + 3°c 
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Three Ideas at Work in 
Machine Control 


New control ideas being used in machine tools, excerpted from the recent 24th 
Machine Tool Electrification Forum, sponsored annually by Westinghouse. 


1. Pot Null Detectors Control Tracer Lathe 


WILLIAM A. BREAUX 
Seneca Falls Machine Tool Co. 


Early tracer lathes used conven- 
tional limit switches for longitudinal 
travel limits (that is, to determine the 
points in the travel of the carriage at 
which the cut is to start and end) and 
required two limit switches for each 
pass. Even though the all limit 
switches could be located in one hous- 
ing, it took considerable time to set all 
the cams for a multipass operation. 

Using phase-sensitive null detectors 
for carnage positioning has materially 
cut down on the setup time. This sys- 
tem couples a 25-turn feedback poten- 
tiometer to the carriage drive lead 
screw. The operator selects the de- 
sired start or end point on a 10-turn 
potentiometer with a calibrated dial. 
The input gate selects the proper set- 
ting potentiometer for the particular 
pass being made, see Figure 1. 

The ac voltages from the setting 
and feedback potentiometers are fed 
into a transistorized null detector and 
compared in phase and magnitude. If 
the carriage is to the left of the posi- 
tion set on the operator's dial, a “car- 
riage-to-left” relay closes; if to the 
right of the set point, a “carriage-to- 
right” relay operates. At the null 
point both relays operate. This infor- 
mation is used in the machine con- 
trol logic system to energize clutches 





First-pass dial 


@ 82) }- - 


Second-pass dial 


Ac excitation 
60 cps 


Carriage 











FIG. 1. Phase-sensitive system for 
positioning tracer lathe carriage. 

Input gate selects correct setting 

potentiometer for each pass. 

















which drive the carriage to the set 
position. Both relays energize at the 
null point to de-energize the drive 
clutch and energize a brake, thus 
stopping the carriage at the position 
selected on the dial. Work diameter 
is similarly controlled by a three-turn 
potentiometer on the cross slide. 

A tracer lathe with a five-pass over- 
head tracer carriage is illustrated in 
Figure 2. The operator's control sta- 
tion is located at the headstock end 
of the machine, Figure 3. The start 
position, end cut, and diameter a 
tiometers are all in a vertical row 
under the appropriate pass pilot light. 
Thus the operator can tell which of 
the start position, end cut, and diam- 


FIG. 2. Five-pass tracer lathe with 100-in. carriage 


travel. Tracer templet can be seen at top center. 





FIG. 3. Operator’s panel for five-pass 
lathe has setting potentiometers for 
each pass arranged in vertical rows. 





eter potentiometers are controlling the 
machine motions at any instant. The 
number of passes required for a given 
part is set by a selector switch. In 
manual operation the operator can 
progress from one pass to the next by 
a “pass index” pushbutton; but this 
occurs automatically when the ma- 
chine is in an autocycle. 

To simplify circuitry and increase 
reliability, two potentiometers are ac- 
tually compled to the carriage drive. 
The longitudinal relay controlled 
system provides a positional accuracy 
of plus or minus 0.025 in. or an over- 
all variation of 0.050 in. The carriage 
cross slide uses mechanical torque am- 
plifier and is more accurate. 








: Three generations of ARMA computers: / 


THE THIRD GENERATION 


\ 


Package small...guidance true 


The itinerant bee has nature’s simplest 
yet most advanced guidance system. His 
built-in computational abilities 
ly his miniaturization— haven't yet been 
approached by man. 


certain- 


ARMA, however, is showing the way. 
A six-year computer miniaturization pro- 
gram, completely company-funded, is 
producing a family of progressively small- 
er and more sophisticated computers for 
use in man-made guidance systems. Here 
is the result thus far in this continuing 
program. 

Small: ARMA’s operational comput- 
er, now in use in inertial guidance 
systems, employing all semi-conductor 
circuitry, printed wiring techniques and 


conventional logical design organization. 

Smaller: asecond- generation computer 
.. -all-solid state, with no moving parts, ap- 
plicable toa//types of navigation,embody- 
ing 1/4 the volume, 1/3 the weight and 1/15 
the power requirements of its predecessor. 

Still Smaller: the third member of the 
family. This microminiature computer, 
to be completed in 1961 from compo- 
nents now in existence, will be 1/25 the 
volume and 1/10 the weight of the first- 
generation model while performing the 
same guidance and control computa- 


tions. It will have application in missile 
guidance, space navigation and guidance, 
orbit transfer problems, submarine navi- 
gation and periscope stabilization. The 
reliability of this sophisticated product 
will be assured by thorough testing in 
ARMA’s environmental facilities — most 
complete in the industry. 

ARMA, Garden City, N.Y., a division 
of American Bosch Arma Corporation 

. supplier of precision inertial guid- 
ance systems for long range Air Force 


missiles . . . the future is our business. 


Attention Engineers: Write to E. C. Lester at ARMA about career openings in R & D programs. 


AMERICAN BOSCH ARMA CORPORATION 
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__ IDEAS AT WORK 


2. Transistors Position Press For Quick Die Change 


W. D. BERRY 
Danly Machine Specialties, Inc. 


The first quick die change stamp- 
ing presses were built by Danly in 
1957. Previously, dies had to be re- 
moved from the front or back of the 
press in line with the normal material 
flow, so loading and unloading devices 
with their associated conveyors had to 
be moved out of the way. For large 
press lines die changes often took 
several hours with a crew of four to 
six men and a crane operator, involved 
considerable hazard to the personnel, 
and had to be scheduled for nonpro- 
duction shifts. Figure 1 shows a 600 
ton double action press designed for 
quick die change. One man can make 
the complete change in 7 min. 

Besides finding a new way to move 
the die into and out of the press, it 
was necessary to eliminate the bolting 
up operation as well as the laborious 
process of adjusting the slide for the 
new die height. To get the new die 
in and out of the press, the stationary 
work table which is normally a part 
of the bed has been eliminated and 
replaced by a carriage. This carriage 
supports the bolster plate to which the 
bottom part of the die is attached. 
Two die carriages are provided for each 
press and move through openings in 
the side frames of the press. The dies 
are now loaded from the sides of the 
press so that it is not necessary to 
disturb the mechanical handling equip- 
ment between presses. The next die 


FIG. 1. A Modern, 600-ton, double 
action, quick die change stamping press. 


JULY 1960 


to be used in a press can be precisely 
located on keys on the second carriage 
while the press is producing. The 
bolting up operation was eliminated 
by providing air operated clamps for 
attaching the die to the slide. 

To adjust the slide for the new die 
height, a control was designed for the 
adjustment motor so that the die set- 
ter must only set a dial and turn a 
key. (Previously he had to hold down 
the slide adjust button while the 
slide moved at the very slow rate of 2 
in. per min.) The automatic slide 
positioner contributed largely to the 
success of the quick die change press. 
The slide adjustment is critical be- 
cause it determines the amount of 
force developed by the press. The 
positioner adjusts the slide automati- 
cally to a position within 0.005 in. 
of a calibrated dial setting. 

Figure 2 is the wiring diagram for 
the slide adjustment controller. The 
position setting potentiometer and the 
position sensing potentiometer are 
multi-turn pots connected across the 
same dc supply to form a bridge. The 
up and down direction controllers are 
identical units consisting of three 
transistor amplifier stages, and their 
outputs directly control machine tool 
relays SA3 and SA4. The three tran- 
sistors are shown in the diagram as 
three logic units. The first is a special 
type of NOT unit which is consid- 
ered to have an input only when 
terminal X is positive with respect to 
terminal Y; that is, it will have an out- 


put except for the condition just 
stated when it will NOT have an out- 
put. The second stage will have an 
output only when it has an input. The 
last stage will NOT have an output 
when it has an input. 

When the setting and sensing po- 
tentiometers agree, the potential dif- 
ference between the X and Y inputs 
of both the up and down direction 
controllers is zero, the last stages will 
have no outputs, and neither SA3 nor 
SA4 will be energized. The slide-in- 
position lamp will be lighted. If the 
setting is changed, either SA3 or SA4 
will be energized depending on the 
direction of change, the slide-in-posi- 
tion lamp will go out, the slide-in- 
motion lamp will light, and the slide 
will move in the direction to bring 
the bridge to balance. 

The line contactor 5M and one of 
the direction contactors must be ener- 
gized to run the motor. The line con- 
tactor is always energized first and 
closes under no load conditions. Nor- 
mally when the stopping point is 
reached, both contactors open at the 
same time. If the direction contactor 
which closed under load should fail to 
open at the proper time, the line con- 
tactor stops the motor; but it cannot 
be reenergized until the fault in the 
direction contactor is corrected. The 
up and down limit switches prevent 
the slide from being adjusted beyond 
its mechanical capabilities. The press 
cannot be stroked while the slide is 
being adjusted and vice versa 
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FIG. 2. Slide positioner control circuit uses transistorized logic 





HA ave pRoBLeMs OF TAPE-LIFE, rub-off and resolu- 
tion? To cure your headaches in applications that 
subject magnetic tape to high speeds, pressures, 
temperatures and low humidity, “ScoTcH” BRAND 
now prescribes two new tapes—Heavy Duty Tapes 
198 and 199. They offer plus-performance in a wide 
variety of temperature and humidity conditions. 

Take the matter of wear, for instance. Field tests 
show that “ScoTCH” BRAND Heavy Duty Tapes wear 
five times longer than standard tapes—yet they 


A GOOD RUN FOR YOUR MONEY— maintain good resolution and freedom from drop- 
Pe - outs over this long haul. Two factors are decisive in 
New “SCOTCH” BRAND Heavy Duty Tapes 


this performance—resistance to rub-off and resist- 
ance to high temperatures. 

Ordinary tapes age fast if the temperature climbs 
or the relative humidity drops sharply. The binder 
softens, allowing the oxides to rub off on those cost- 
ly and sensitive heads. Further, as an electrostatic 
charge builds with each pass, stray contaminants 
are attracted to the tape—and the tape starts to 
cling to the equipment. In each case—your drop- 
out count mounts. 

Not so with “SCOTCH” BRAND Heavy Duty Tapes. 
They boast an extra tough binder system similar to 
that used in “ScoTCH” BRAND Video Tape, the first 
and most thoroughly time-tested video tape avail- 
able. The heavy duty binder system anchors the 
oxides firmly to the polyester base in a way that 
resists very high temperatures—minimizing rub-off. 
Moreover, Heavy Duty Tapes have a conductivity 
nearly 1000 times greater than conventional tapes, 
allowing static charge to drain off. Result? Clean, 
smooth runs with good resolution—-a good run for 
your money. 

Performance of this kind is easy to promise 
much harder to deliver. And only experienced 
“SCOTCH” BRAND technology has such a record of 
delivering the right tape for every application in 
data acquisition, reduction or control programming. 

Check all the tapes in the “SCOTCH” BRAND line. 
High Resolution Tapes 158 and 159 pack more bits 
per inch, offer extra play time. High Output Tape 
128 gives top output in low frequencies, even in 
temperature extremes. Sandwich Tapes 188 and 189 
drastically cut head-wear, eliminate oxide rub-off, 
and wear 10 times longer than ordinary tapes. 
Standard Tapes 108 and 109 remain the standard 
of instrumentation. 

Your 3M Representative is close at hand in all 
major cities—a convenient source of supply and 
information. For details consult him or write Mag- 
netic Products Div., 3M Co., St. Paul 6, Minn. 


© 1960 3M Company 


offer exceptional life, low rub-off, good resolution 


“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 
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IDEAS AT WORK 


3. Digital Gain Changer Gives Optimum Slowdown 


D. A. POEPSEL 
Westinghouse Electric Corp. 


Most machine tool control systems 
use analog techniques in the actual 
tool-workpiece positioning circuits de- 
spite the fact that digital techniques 
are almost universal for processing the 
input data into a command for the po- 
sition system. Digital control in the 
position loop and its inherent flexibil- 
ity in matching the control system to 
the machine tool have not been sufh- 
ciently exploited. The digital posi- 
tioning system in the new “Prodac”’ 
machine tool control permits maxi- 
mum slew rates in point-to-point table 
positioning with optimum slowdown 
characteristics for any machine to 
which it is applied and no sacrifice in 
its basic positioning accuracy. 

In digital positioning systems such 
as this, the whole space in which the 
table can be positioned is divided into 
a regular grid network, the grid incre- 
ment depending on the positioning 
accuracy of the system. The position 
command signal then specifies the 
particular increment in the grid to 
which the table must be positioned. 

In point-to-point positioning sys- 
tems, the control slews between points 
at as high a speed as possible, slows 
down to a low creep speed as it ap- 
proaches the selected increment, and 


FIG. 2. Two possible basic variations in the 
shaping of the slowdown curve. 
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“stops” the table drives just as it 
enters the selected increment. The 
table will stop within the specified 
accuracy limits depending on servo 
response time and machine inertia. 
Che actual stopping point is affected 
by a number of machine. characteris- 
tics besides inertia, such as friction, 
backlash, and energy stored in the 
resilience of parts (like shaft windup). 
All of these characteristics are variable 
from one machine to another, and 
some of them can vary as a machine 
wears with use. With a digital posi- 
tioning system the approach creep 
speed can be independently adjusted 
without affecting the basic accuracy of 
the system, so that when the speci- 
fied accuracy increment is reached the 
machine will come to a stop within 
that increment. Otherwise the sys- 
tem will overshoot and be driven back 
by the servo for another try. 

In any positioning system the ta- 
ble must be slowed down from some 
high slewing speed so that it enters 
the specified accuracy increment at 
the slow approach speed that has 
been determined best for the particu- 
lar machine. This concept permits 
separating the dynamic conditions 
during the final accurate positioning 
from those during slowdown. With 
a digital positioning system the slow- 
down curve can be shaped as required 


FIG. 3. A—Control set up to approach final 
position deadbeat from either direction. B— 
Control set up to approach final position 
from one direction only. 


FIG. 1. The staircase arrangement of slowdown 
command signals in a digital positioning system. 


to obtain the minimum slowdown 
time consistent with stable opera- 
tion and no tendency to overshoot. 
Figure 1 shows a slowdown com- 
mand signal in a digital system with 
symmetrical slowdown steps at each 
increment of the grid in the slowdown 
range. The slope of this staircase is 
equivalent to gain in analog posi- 
tion servos. Figure 1 shows a large 
number of steps to form the complete 
slowdown curve. In practice, all these 
steps are not needed because of the 
integration due to the response times 
of the drives. Actually, very few steps 
are needed near top speed while a step 
per increment becomes necessary at 
near-zero speeds. In general, 10 steps 
will usually give smooth response. 
Figure 2 shows two possible basic 
variations in the shaping of the slow- 
down curve. Figure 2A shows con- 
stant points of cutting in with re- 
spect to the final position, with the 
magnitude of each step changed to 
get two radically different slowdown 
curves, Figure 2B shows how two dif- 
ferent curves can be produced by 
changing only the position of each 
step relative to the final position, while 
the magnitude of each step is held 
constant. In practice, a combination 
of these two techniques is used to 
tie together the machine and the con- 
trol system. Note that the positioning 
accuracy is the same for all four curves. 
The control system is set up for a 
specific machine by first adjusting the 
final slow approach speed. ‘Then, 
starting off with the first or smallest 
step and with all other steps open 
circuited, the combination of control 
and machine is ajdusted to insure 
satisfactory response by varying the 





NO PROMISES NEEDED 


the long-term reliability 
of Swartwout electronic control 
is an established fact 


Rather than “will do”, Swartwout “has done.” No promises— instead, explicit 
facts based on demonstrated performance. Thousands of electronic control 
loops (some in service for almost a decade under every conceivable climatic 
condition) are your assurance when you use Swartwout equipment. 

Design philosophy at Swartwout has focused on reliability. The choice of 
AC for the measuring circuit has permitted use of the simplest and most reliable 
electrical transmitter ever offered. It has also permitted more stable ampli- 
fication techniques at the receiving instrument. Now, with the introduction 
of the new Thermo-Drive valve actuator, highest reliability can be character- 
istic of the entire loop, sensor through control actuator. 

Facts, figures, names and places of installations are most impressive . . . 


and are available to any instrument user with a practical “show me” approach. 


NEW BULLETIN... 
SHOWS YOU IN PICTURES | : a 
A new bulletin graphically relates elec- ee. ce Aye 5s 
tronic control equipment to practically all ste , ; 
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process variables. Request Bulletin A-913. | " 
Swartwout Division, Crane Co., Hooksett In- Gong 
dustrial Park, Manchester, N. H. 
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magnitude of the setting. Next, the 
second step is cut in and the adjust- 
ment repeated. The third, fourth, and 
subsequent steps are adjusted in a 
similar manner until smooth operation 
is achieved through the whole slow- 
down region. These adjustments are 
made very simply during installation 
of the equipment, and they actually 
serve to match the control system to 
the machine unit. The control can 
always be readjusted if the character- 
istics of the machine change in use. 

The effect of the controlled slow- 
down characteristic just described is a 
radical change in the dynamic gain 
of the control system during Son. 
down with no change in the static 
gain or position accuracy. Figure 3A 
shows the speed characteristic when 
the control is set up to approach the 
final position deadbeat from either di- 
rection. Figure 3B shows the result 
when the control is set up to approach 
the final position from only one di- 
rection, as usual in machine tools. 


The Prodac system 


The Prodac point-to-point control 
system is an all-transistorized system 


FIG. 4. Prodac circuits are transistorized and packaged in modules like this. 


of modular construction. It uses a 
transistor switch as its basic switch 
ing or logic element. All conven- 
tional forms of logic-AND, OR, 
NOT, and memory, plus counting— 
are done by means of these switches. 
\ Prodac module is shown in Figure 
4. The system accepts input infor- 
mation from standard 1-in., eight- 
track punched tape and from manually 
set decade switches. 

The position measuring device for 
this control system is a pulse wheel 
with the Westinghouse trade name 
Rotrac. The Rotrac may be coupled 


to the lead or driven by a 
precision rack and pinion. Its elec- 
trical inputs are plus and minus 24 
vdc from the control power supply. Its 
electrical outputs are direction ori- 
ented square waves of either zero 
or minus 24 volts. The width of 
each square wave is equal to the speci- 
fied accuracy increment. Transformer 
action between windings on the rotor 
and the stator enables the unit to 
generate pulses as a function of an- 
gular position irrespective of speed. 
Thus the Rotrac can generate pulses 
down to zero speed. 
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Simple RC Anticipation For 


On-off Controllers 











FIG 1. On-off temperature controller showing 
basic RC lead circuit to increase cycling fre 
quency and decrease hunting amplitudes 
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Modified circuit has variable charging 
only part of capacitor voltage in 
thermocouple circuit. 


FIG. 2. 
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On-off temperature controllers are 
characterized by a dead zone between 
the low temperature at which the 
power is switched on to the heating 
element and the high temperature at 
which the power is switched off. Be- 
sides this dead zone, the temperature 
regulation is affected by the heating 
and cooling time constants of the 
controlled medium and its lag in 
phase behind the change in supplied 
power, as well as by the size of the 
applied temperature (power) steps. 
I'he result is a nearly periodic cycling 
which shows a particular frequency 
and a hunting ampliture which is al 
ways greater than the dead zone. 

The hunting amplitude is mono 
tonic function of the cycling fre 
quency and decreases rapidly as the 
frequency is increased. Thus, a higher 
cyclic frequency is desirable. On-oft 
control systems have therefore often 
included auxiliary thermocouples con- 
nected in series with the main thermo 
couple but surrounded by a small 
heating coil with a much faster re- 
sponse than the controlled medium. 
When heating, the heater will thus 
shut off more quickly than for the 
main thermocouple alone, and when 
cooling, will come back on more 


quickly. The small coil acts as an an- 
ticipator to increase the cyclic fre- 
quency and reduce the hunting ampli- 
tude. 

The average temperature T’,, about 
which the auxiliary thermocouple os- 
cillates depends upon the ratio y, 
which is the fraction of the time dur- 
ing which power is supplied at tlie 
high level. ‘This affects the average 
temperature 1 about -which the 
temperature of the medium oscillates. 
[he controller must be set to the 
temperature T, = T’,. + Ta. The 
correction 1”,, must be found by cali- 
brating the auxiliary anticipator, and 
it is unfortunately subject to drift for 
a given y due to changes in ambient 
temperature and thermal losses. 

An electrical circuit has been de- 
signed by Dr. C. K. Coogan of the 
Div. of Chemical Physics, Common 
wealth Scientific and Industrial Re- 
search Organization, Melbourne, Aus- 
tralia, which provides analogous be- 
havior to the anticipator just described 
without the unsatisfactory sensitivity 
to ambient changes. ‘The basic circuit 
is shown in Figure 1. When the relay 
is closed to heat the furnace, a circuit 
is also closed to charge capacitor C 
through R, The voltage across C adds 
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Servo motors and motor- 
generators listed here are 
on the shelf now. One week 
after your order’s been 
received they’ll be 
inspected and on their way 
to you. Ideal for fast 
prototype requirements, 
these stocked units—“at 
regular factory prices’ — 
are precisely the same fine 
servomechanisms for which 
Daystrom’s Transicoil 
Division is known. As a 
result you can count on 
future large quantity 
production units to 
duplicate the performance 
characteristics of the 
prototypes in every 
respect. To place orders, 
write, phone, or wire 
STOCKSHIP, Daystrom 
Incorporated, Transicoil 
Division, Worcester, 
Montgomery County, Pa. 
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SPECIFICATIONS: 








if you’d ordered these servos on June 18 
you’d be using them NOW 








CONTROL TECHNOLOGY 


Transicoil Division exercises complete 
control over every stage of servo manu- 
facture, turning wire, strip, and bar 
stock into complex servo assemblies. 
Only this kind of manufacturing con- 
trol can assure you top performance... 
even on fast delivery prototype models. 


Transicoil Division engineers have 

n in the forefront of innumerable 
advances in servo art. Take minia- 
turization . Transicoil introduced 
plate-to-piate winding, eliminating 
the transformer from servo amplifier 
design . . . developed the size 8 and 
size 5 motors and motor generators. 


=, 
DAYSTROM s INCORPORATED 
‘ oo 


TRANSICOIL DIVISION 
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FACILITIES 


Given the desire to turn out reliable 
equipment, you still need the facilities 
to bring your wishes to reality. Transi- 
coil Division backs up its aims with 
complete testing facilities, and one of 
the toughest, most rigid testing pro- 
grams developed for servos. 


WORCESTER + MONTGOMERY COUNTY > PENNSYLVANIA 


CONTROL ENGINEERING 





to the thermocouple voltage, and the 
charging time constant can easily be 
much faster than that of the furnace. 
The discharge time constant is con- 
trolled by R,. The average voltage 
about which the capacitor oscillates is 


__ Vokes 
R, + vR. 


Ver _ 


where V, is the maximum voltage to 
which the capacitor can charge. 
Figure 2 is a more practical circuit 
for use with thermocouples. A poten- 
tial divider provides a variable portion 
of the supply voltage for varying the 
charging rate of the capacitor. <A 
small portion of the resistance R, is 
placed in series with the thermocou- 


ple. Addition of this circuit has en- 
abled an on-off controller which pre- 
viously had held a laboratory oven to 
14 deg C to control the same oven to 
0.03 deg C. 

The circuit is not limited to tem- 
perature control but may be applied 
to improve any on-off controller in 
which the input signal is electrical. 


Differential Pressure Controller 


For Air Doors 


L. A. McGUIRE 
Cleveland Controls, Inc. 


A so-called air door uses a barrier 
of moving air in place of a solid door 
for high-trafic entrances to stores, 
banks, and offices. The flow of air in 
such doors is so gentle that most peo- 
ple cannot detect it, yet the air curtain 
must not be broken by variations in 
the differential air pressure inside and 
outside the door or it will be very 
expensive to heat or cool the room. 

In one design of an air door, 


the air is discharged through lou- 
vered vents in the top of the door 
opening, drawn through a grating in 
the floor, filtered, and returned by a 
centrifugal blower to the top of the 
opening (see Figure 1). Differences 
in pressure inside and outside the door 


are compensated by moving the 
louvers to direct the air stream in 
the direction of the higher pressure. 
In effect, the air curtain bulges out- 
ward against the higher air pressure. 
The air door can withstand outside 
wind velocities up to 30 mph when 
supported by a tight pressurized build- 
ing. The control system for the 
louvers must respond to differential 
pressures as low as 0.01 in. of water. 

The differential pressure controller 
designed for the air door uses a flexible 
diaphragm as a sensing element, with 
inside pressure admitted to one side 
and outside pressure to the other. 
Finding a diaphragm material that was 
light and flexible and which would 
not deteriorate as a result of dust, dirt, 
and oil particles turned out to be a 
major design probiem. After exten- 
sive testing, the material choosen was 
a synthetic rubber-coated silk made 
by the Vulcan Rubber Products Div. 
of Reeves Brothers, Inc. and called 
Reevecote 7202. 

Figure 2 is a photograph of the 
actual control with sections cut away 
to show the pressure sensing dia- 
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phragm and the actuating thrust arm. 
Indoor and outdoor pressures are ad- 
mitted through connections 1 and 2 to 
act on diaphragm 3. Any movement 
of the diaphragm is transmitted by the 
stem through a pressure seal 4 to a 
pressure plate 5 which actuates micro- 
switches. The motor then runs in the 
direction indicated by the diaphragm 
movement to reposition the thrust 
arm 6 which moves the louvers. The 
feedback arm guide plate 7 moves 


Outside 
pressure 


with the thrust arm and converts its 
linear motion to rotary motion in the 
cam and gear assembly 8. Through a 
series of beams, the feedback then re- 
adjusts the tension in a loading spring 
on the pressure plate, thereby coun- 
tering diaphragm pressure and return- 
ing the microswitches to neutral. An 
empirically determined relationship 
between differential air pressure and 
air door louver position is thus re- 
produced by the feedback linkage. 


i 








somole 








FIG. 1. 

Schematic representation 
of the control system 
for an air door. 


From circulating fan 


eer ee, 


Ceiling | louvers 
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FIG, 2. Air door controller senses differential pressure inside and outside door 
to position louvers that direct air curtain outwards against higher pressure. 
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The Westinghouse Electric Corp. used a Honeywell 
Model 906 Visicorder to make this directly-recorded 
chart of oil film thicknesses on the bearing pads of a 
67,500 KW water-wheel generator supplied for Chief 
Joseph Dam at Bridgeport, Washington. In these tests, 
design engineers at Westinghouse wanted to ascertain 
bearing lubrication factors (oil film thicknesses) as a 
function of rotation and speed. 


Bearings are designed so that as the water wheel gener- 
ator comes up to speed, oil is carried mechanically over 
the bearings, and develops a film thickness that varies 
from .002 to .005 inches. Film thicknesses at the leading 
edge, center and trailing edge of one bearing pad were 
relayed by magnetic reluctance thickness gauges to the 
Visicorder. The thickness of the film at each of these loca- 
tions as the bearing passed through each six degrees 
of rotation are represented by traces #6, 5, and 4 on the 
chart. Thicknesses as revealed by the test were proved 
to be close to the predicted design values. 


Stephen Chai and Glenn Cooper, Westinghouse development engineers, calibrate 
the Visicorder and other equipment used in water wheel generator tests. 


The Visicorder was selected for these tests because, 1) 
high galvanometer sensitivities made the use of ampli- 
fiers unnecessary, 2) immediate readout was highly 
desirable and, 3) the portability and ruggedness of the 
instrument were helpful. 





oil-film thicknesses 





Recent Models of the 906 Visicorder 
incorporate time lines and grid lines 
and record up to 14 simultaneous chan- 
nels of data. 


The NEW Model 1108 -Visi 
corder, with many automatic 
features and the convenience of 
pushbutton controls, is ideal for 
intermediate uses requiring up 
to 24 channels of data. 


The Model 1012 Visicorder is 
the most versatile and conven- 
tent oscillograph ever devised 
for recording as many as 36 
channels of data. 
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The Honeywell Visicorder is the pioneer, completely 
proven, and unquestioned leader in the field of high- 
frequency, high-sensitivity, direct-recording ultra-violet 
oscillography. Here are some of the reasons why Visi- 
corders provide the most accurate analog recordings 
available: constant flat response and sensitivity of gal- 
vanometers; grid-lines simultaneously recorded with 
traces to guarantee exact reference regardless of possible 
paper shift or shrinkage; flash-tube timing system for 
greater accuracy of time lines; superior optics for maxi- 
mum linearity of traces. 


No matter what field you are in... research, development, 
computing, rocketry, product design, control, nucleonics 

.. the high-frequency (DC to 5000 cps) Visicorder 
oscillograph will save you time and money in data 
acquisition. 


Call your nearest Minneapolis-Honeywell Industrial Sales 
Office for a demonstration. 


Reference Data: Write for Bulletins 1108, 1012, and HC906B 


Minneapolis-Honeywell Regulator Co. 
Industrial Products Group, Heiland Division 
5200 E. Evans Avenue, Denver 22, Colorado 


PIG@MEERING THE FUTURE 


Honeywell 
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BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


rm 


PERFORMANC 


Size 8 Motor Generator 


This new Size 8 high per- 
formance servo motor- 
generator features high 
signal output and extreme- 
ly low null voltage. The 
signal-to-noise ratio of 
100:1 and linearity of 0.2% 
make the application of this 
motor generator to light- 
weight integrator. packages 
most desirable. Stainless 
steel construction and 
thermal stability of this 
component assure its reli- 
ability and long life in the 
most severe environments. 


ELECTRICAL 
CHARACTERISTICS 
Motor Section Generator Section 


Phase | 

Voltage (volts) 26 

Frequency (cps) 400 

Current (ma) 110 
Power Input 

(watts) 2.3 


GENERATOR SECTION 
OUTPUT 


Volts at RPM (mv) 10 

Volts at 1000 RPM (volts) 1.1 

Output impedance 21 + j2500 
(ohms) 

Rated Load (ohms) 100,000 


MECHANICAL 
CHARACTERISTICS 


No Load Speed (RPM) 
Stall Torque (in. Oz.) 
Rotor Moment of Inertia 
(gm-cm2) 
Theoretical Acceleration 
(Rad/Sec2) 14,400 
Weight (0z.) 3.9 


Write for complete data. 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


QUADRATURE 
REJECTION 
CIRCUIT 


Kearfott’s quadrature re- 
jection circuit is designed 
to operate from a pre- 
amplifier or gain con- 
trolled amplifier into a 
transistor servo amplifier. 
This small, light and rug- 
ged device rejects the com- 
ponent of the input wave 
which is 90° from the ref- 
erence input. The compo- 
nent of the input sine wave 
which is in-phase with the 
reference will produce a 
square wave whose magni- 
tude is proportienal to load 
and magnitude of in-phase 
signal. Kearfott’s high- 
performance rejection cir- 
cuit is designed to operate 
in an ambient temperature 
range of —55°C to +115°C 
at unlimited altitudes. 
TYPICAL 
CHARACTERISTICS 
#D4816-01 
Input Impedance — In phase sig- 
nal component (ohms)/5000 


+R, / Quadrature component 
(ohms)/5000 (min) 


Signal Frequency (cps)/400 

Max. Signal Input (volts RMS)/6 

Bandwidth (cps)/6 

Quadrature Rejection Ratio: 

Rejection Ratio (min)/50:1/ 
35:1/35:1 


Signal Input/0.15 to 4/4 to 6/ 
0.005 to 0.15 


Meets environmental require- 
ments of MIL-E-5272. 


Write for complete data. 


BASIC 

BUILDING 
BLOCKS 

FROM KEARFOTT 


TWO 

AXIS 
ACCELER- 
OMETERS © 


Highly precise and accu- 
rate, Kearfott two axis 
accelerometers are pendu- 
lous devices which sense 
airframe acceleration 
forces acting on them in 
aircraft and missile guid- 
ance systems, navigational 
computers and wherever 
acceleration must be meas- 
ured precisely and trans- 
lated into electrical output 
signals. 

The pendulum is anchored 
to a housing by means of a 
unique Hooke’s joint type 
spring suspension. When- 
ever there is relative mo- 
tion between pendulum and 
housing due to acceleration, 
an AC excited, air-core 
differential transformer 
type pickoff produces a 
voltage which is a servo 
error signal that is fed in- 
to an AC to DC amplifier. 
Feedback signal in form of 
a DC current transmitted 
to a restoring coil produces 
a force that exactly bal- 
ances force of any acceler- 
ations acting on pendulous 
mass. 

TYPICAL 
CHARACTERISTICS 

Range of Measurement: + 25¢ (can 


be adjusted upward within ampli- 
fier limits.) 

Scale Factor (Output): 5.0000 MA/g 
of applied acceleration. 


Operating Temperature: Performance 
is optimized within any 20°F range 
between +50°F and +160°F. 


Linearity (Output): Within + 0.005% 
of the applied acceleration. 


Threshold: Less than 2 x 10-7g. 


Zero Stability: + .00005g day to day; 
less than + .00002g over any con- 
tinuous time interval. 


Vibration: 3 to + 5g peak from 20 
to 2000 CPS. 

Storage Temperature: —60°F to 
+170°F. 


Scale Factor Variation: + 0.01% 
randomness. 


Write for complete data. 


KEARFOTT DIVISION 
Little Falls, New Jersey 


GENERAL PRECISION, INC. 
Other Divisions: GPL, Librascope, Link 


<> 
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NEW PRODUCTS 


NEW TAPE PROGRAMMER 
improves chromatograph performance. 


Key to the improved accuracy and flexibility of a new 
gas chromatograph is a tape-programmed timing system, 
first of its kind to be used for this purpose. System con- 
sists of a motor-driven transparent tape (visible atop the 
control unit chassis at the right) that is used in conjunc- 
tion with a photoelectric transmitter and receiver to pro- 
vide any combination of time and sequence required. 

The tape, a single continuous loop of standard 16-mm 
film, is printed with 1-sec graduations. A program is set up 
by simply marking this tape with a graphite pencil at the 
appropriate intervals. Printed graduations are wide enough 
to permit 4-sec accuracy in marking these intervals. The 
programmer accommodates loop lengths representing analy- 
sis times of from four to 15 minutes; shorter or longer 
ranges are available through motor speed adjustments. 

In operation, each mark on the tape causes the photo- 
electric receiver to advance a stepping relay and effect 
such desired sequences as peak selection, range sensitivity, 
valve actuation, automatic zeroing, and visual readout. 

A wide section of the film, including the splice is 
blanked out to cause a special long pulse which can be 
used to reset the relay system, confirm synchronization, 
override the film reader, and advance the stepping relay 
to any position for calibration or non-automatic operation. 
Accuracy of the tape-programmed system is reportedly 
greater than that provided by mechanical cam timers. 

Other features of the new chromatograph include: therm 
istor controlled dual temperature zoning within the 
analyzer housing; a three position function switch that 
permits a rapid change from bar to spectrum presentation 
or manual operation; and the ability of the analyzer unit to 
accommodate two columns each up to 50 feet in length. 
Photos below the control unit illustrate the cover arrange- 
ment on the analyzer unit—Mine Safety Appliances Co., 
Pittsburgh 8, Pa. 

Circle No. 309 on reply card. 
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TINY COMPUTER speeds quality control. 


Manufactured for Boonshaft and Fuchs by Guttinger 
Company in Switzerland, this new transistorized, desk-top, 
analog computer was designed specifically for use in statis- 
tical quality control work. Its circuit permits instantaneous 
computation of mean values and standard deviations in a 
form which does not require a normal distribution of the 
data. Unit will handle up to ten data classes and has a 
total capacity of 600 pieces. Maximum capacity per class 
is 99 pieces. A large easy-to-read panel meter and handy 
selector switch permit rapid readout of results. Accurate 
to within 2 percent, the computer sells for $925.—Boon- 
shaft and Fuchs, Inc., Hatboro, Pa. 


Circle No. 310 on reply card. 
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BROOKS LEADERSHIP 


achieved by design 


AR-MET ROTAMETER 


... takes practically all fluids 
off the hard-to-handle list 








POSITIVE INDICATION 
ALL METAL CONSTRUCTION 


THRU-BOLTED DESIGN 


Working with highly pene- 

? trable fluids . . . high tempera- 

tures, high pressures? Then, 

Brooks Ar-Met Rotameters are 
made to order for you. 

The Brooks Ar-Met Rota- 
meter with Mag/Na/Vue indi- 
cating extension is shown . . . how- 

ever, Ar-Met meters are also avail- 
able with six other alarm and trans- 
mission extensions, both electrical 
and pneumatic. WRITE FOR BULLETIN 130 


BROOKS ROTAMETER COMPANY 


760 E STREET LANSDALE, PENNSYLVANIA 


A complete line... 


BROOKS ROTAMETERS 


> 


ya 
q:) ... for every service 





NEW PRODUCTS 


DATA HANDLING 
& DISPLAY 


IT’S PORTABLE 


Claimed to be the first truly portable 
high speed digital data system for gen- 
eral use, the PDG-S-3100 gathers data 
-both analog and digital—from ther- 
mocouples, shaft encoders, — strain 
gages, etc. It prepares a tape in the 
field in a format to match the com- 
puter to be used. The line of equip- 
ment has been designed into suitcase- 
like cases. Each unit is lightweight 
and can be carried by car.—Epsco, 
Inc., Cambridge, Mass. 

Circle No. 311 on reply card 


PACKED WITH FEATURES 


The K1736 cathode ray tube shown 
above is said to be the first high fre- 
quency tube to combine the features 
of linear (spiral resistance) post-ac- 
celeration winding, pattern and astig- 
matism electrodes, and high deflection 
sensitivity. The tube is 54 in. in diam- 
eter, single beam, with electrostatic 
deflection and focus. Applications be- 
sides oscilloscopes (the manufacturer 
uses it in a new Model 425) include 
radar and other measuring and indica- 
tion instruments.—Electron Tube 
Div., Allen B. Du Mont Labs., Inc., 
Clifton, N. J. 


Circle No. 312 on reply card 
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INCREMENTAL TRANSPORT 


Chis unique new magnetic tape trans- 
port is capable of advancing the tape 
in increments of 10 thousandths of an 
inch on signal command in addition 
to steady tape speeds. Adaptable as a 
component in magnetic tape record- 
ing systems and for programming man- 
ufacturing control applications, the 
Model 2966 was originally designed 
for use in studying sound. The trans- 
port uses a continuous 60-in. belt of 
tape to store as many as 324,000 bits 
of information.—Designers for Indus- 
trv, Inc., Cleveland, Ohio 

Circle No. 313 on reply card 


ACCURATE CONVERSION 


A new analog to digital converter will 
convert any input voltage of zero to 
minus 0.999 volts full scale to three 
decimal digits with an over-all error 
of plus or minus one digit. This is 
equivalent to plus or minus | mv. The 
instrument is made up of a rack 
mounting card file which holds plug- 
in printed circuit elements. These in- 
clude the power supply and reference 
voltages. — Ransom Research, San 


Pedro, Calif. 
Circle No. 314 on reply card 


READ BY MACHINE OR EYE 


Information on a variety of physical 
quantities is stored digitally in eight 
channels on narrow paper tape by the 
Perfograph data recorder. The data 
may be read photoelectrically; in addi- 
tion, it is visually readable. Small in 
size and very modest in power require- 
ments, the unit can operate for several 
months on_ batteries.—Advanced In- 
strument Corp., Richmond, Calif. 
Circle No. 315 on reply card 


PLUS... 


(316) Flush mounting models of the 
recti-titer galvanometric recorder line 
for panel installations are now avail- 
able from Texas Instruments, Inc., 
Houston, Tex. (317) A new 
computer device from International 
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Teletype Model 28 
punched tape units 


The Teletype Model 28 tape reader and typing tape punch Typing Tape Punch 
combine proved dependability of operation with a variety of 
features which help streamline data communications systems and 
save the time of attendant personnel. 


¢ Convenience. On the Model 28 tape reader, a single 3-position 

start-stop lever controls “‘on,”’ “‘off,’”’ and ‘‘ freewheeling.” 

A specially designed tape lid, conveniently hinged, will 

accommodate either chadless tape or fully perforated tape, without 

intermediate adjustment. 

The Model 28 tape punch not only perforates intelligence Send-Receive Page Printer Automatic Send-Receive Set 

into tape—it simultaneously “prints out”’ the data right on the 

tape, thus greatly facilitating handling and storage. FREE Model 28 line folder. Write Dept. 26-G, 
4100 Fullerton Avenue., Chicago 39, Illinois 

¢ Low Maintenance. Both units are designed for extremely low 

maintenance, with all-metal clutches that require oiling only once 

or twice a year, depending on usage. 


® 
* Reliability. Teletype tape equipment is the product of 
extensive research and precision manufacturing facilities. It is 
made for continuous, day-in, day-out service with minimum 


upkeep. Teletype Corporation manufactures this equipment for the 


Bell System and others who require the utmost reliability from eS ORP ORAT I ON 
Choke. ote commmeptantions qputqnn. sussioiary or Western Electric Company inc. 
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psMinud THE INTERFERENCE COMPARATOR IC 
for Gauge Blocks after Duhmke 


determines 


differences in the 


length of gauge 
blocks. 


checks 


parallelism and 
smoothness of the 
measuring sur- 
faces (surface ir- 
regularities). 





In spite of its high accuracy, the instrument is simple to operate. 
It will be of great assistance to gauge block producers and 


gauge block users as well as to laboratories. 


The instrument is an interference microscope of 3 x magnifica- 
tion. Its internal micrometer appears together with the field 
of measurement when looking through the eyepiece. With a 
setting for 8 fringes, the reading accuracy, when comparing 
the two lengths, is 0.002 y. 


The accuracy of measurement when comparing gauge blocks 
is better than 0.01 yu. Since the accuracy of standard gauge 
blocks is guaranteed by the bureaus of standards of most 
countries to + 0.02 yu, the accuracy that can be achieved with 
the Askania Interference Comparator IC after Dihmke in com- 


paring gauge blocks is better than 0.03 yu. 


ASKANIA WERKE 


U. S. Branch Office 4913 Cordell Avenue 
Bethesda 14, Maryland 
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NEW PRODUCTS 


Business Machines Corp., White 
Plains, N. Y., transfers data from 
paper tape to magnetic tape, rents for 
$1,475 month, .and sells for $69,500. 

Circle No. 316 or 317 on reply card 


RESEARCH, TEST 
& DEVELOPMENT 


COMPACT ANALYZER 
All necessary functions for rapid and 
accurate determination of response 
characteristics of dc and carrier modu- 
lated feedback systems are included in 
the compact Series 400 controls 
analyzers. Self-contained signal gen- 
erator provides sinusoidal signals, 
modulated or unmodulated, as well as 
modulated and unmodulated square 
waves. Offered in three models, 0.3-20, 
0.003-30, and 0.02-200 cps, the analy- 
zers provide test signals up to 1 watt 
at 10 volts peak and may be used with 
carrier frequencies of 50, 60, 400, 
and 800 to 5,000 cps.—Superior Mfg. 
& Instrument Corp., Flushing, N. Y. 
Circle No. 318 on reply card 


BLACK BODY SOURCE 


Used with a companion Model PE 
521-5 temperature controller, the in- 
strument shown above, the PE 521-6 
miniature infrared source, provides an 
accurately adjustable source of infra- 
red radiation. ‘The radiating element 
of the unit is a pure silver core with 
a conically shaped cavity, assuring uni- 
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AIS IS 

ne Brush 
Mark Il... 
anyone 
can 


plug 
it in he 
~ cS) 
put It ose 
in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone... in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is ‘‘built-in’’. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Immediate shipment from stock. Call, write or wire for complete details. 
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Why? Simply because Brush recording systems such as this 6-8 

; channel unit incorporate all of the known refinements in the 

iM ie 0® ee o%e ; art of recording by direct writing. No comparable system in ex- 

or ee a ae istence today is as compact . . . as simplified . . . as reliable . . . as 

versatile. Note slide-mounted oscillograph and interchangeable 

“plug-in” signal conditioners that provide four vital functions 

in addition to amplification: high input impedance, zero sup- 
pression, attenuation and calibration. 








Instantaneous rectilinear presentation gives clear, uniform and 
reproducible traces for precise readout of telemetry, computer, 
ground control and other data gathering operations. Further, 
this functionally designed system has a “‘pull-out’’ horizontal 
writing table for convenient annotation and reading... 
without turning off the recorder! Check these and many other 
advanced features for yourself and you'll see why no one is as 
qualified as Brush. Call, write or wire for complete details. 
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NEW PRODUCTS 


form temperature along the cavity 
walls. The source and the controller 
are attached by means of a 2-ft cable. 
—Perkin-Elmer Corp., Norwalk, Conn. | 
Circle No. 319 on reply card 
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TESTS 60 A MINUTE 


wei 8 am me ge Ws = ae a ry fo ed 


A new automatic circuit tester de- 
signed for testing cable assemblies and 
components features speed that allows 
it to test 60 circuits in a minute, com- 
pared with 20 min. for 60 circuits in 
current models. Semiskilled workers 
can operate the tester which displays 
results by means of numbered display 
lights. Three models—for 50, 100, or 
200 circuits—are available. Hi-pot volt- 
age is variable to 3,000 vdc; continuity 
current is 5 and 500 ma and 1 and 2 
amps. Unit measures 114 x 24x 15 in. 
—Astral Electronics, Van Nuys, Calif. 

Circle No. 320 on reply card 
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BRYANT offers... 


Storage at 
less than 
Vee per bit! 


— with the Bryant 18.5” diameter 
Magnetic Storage Drum 


Standard operating parameters include: 
; : e Bit repetition rate over 200 KC (RZ) 
@ ¢ Dynamic runout: less than .0002” T.I.R. 
‘ “i _ ¢ Range: 600 RPM to 1800 RPM * Number 
, & ES) : of tracks: 825 «+ Bits per track: 7500 
an ¢ Design life: over 3 years at 1800 RPM 


TRACES CURVES 


Write today for data and specifications on 
Designed to permit the study of the this and other Bryant Standard Magnetic 
forward characteristics of tunnel diodes Storage Drums. BRYANT COMPUTER 
made by various manufacturers, this PRODUCTS DIVISION, P. O. Box 620, 
new tunnel diode curve tracer may be Springfield, Vermont. 
used with any sensitive oscilloscope to 
create current and voltage waveforms. 
The instrument generates a sharp pic- 
ture of the entire critical region of 
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Solves differential equations by | 


ROOT LOCUS plots. 


: Provides BODE phase and gain 
new plots from system poles and zeros. 


h : Synthesizes compensation networks. 
a p D rOa eS Evaluates residues. 
t Factors polynomials. 
O ; Analyzes sampled data systems. 
Solves non-linear problems involv- 
systel } } ing hysteresis or saturation by the 
: describing function technique. 


design Designs process control systems. 


Derives process transfer functions 


p ro b | e mM SS from power density spectra. 


Uses rapid, logical pole-zero pro- 
gramming. 


esia 





Shaded area on graph sheet shows 
unstable portion of log s plane. 


A complete analog computer that increases system design productivity more than five 
fold at a net price less than the yearly salary of a design engineer. The Esiac rapidly 
solves generalized system equations expressed in the following forms: 


F= +Ks (s—s,)M: (s—s.)M2 (s—s,)%s ... 
or —+Ksn 1 S$ \n 1 S n (1—+)n 
F=+Ksm (1): (1-3) S)ns 


Write for descriptive engineering bulletins, Esiac solutions to system design problems, 
or an Esiac demonstration in your plant. 


® SEND FOR DESCRIPTIVE LITERATURE 
See it demonstrated 


1960 WESCON, NEC 
and ISA SHOWS 


Electro Sclentific industries 


7524 S.W.MACADAM + PORTLAND !9, OREGON 


CHerry 6-3331 
formerly/ ELECTRO-MEASUREMENTS, INC. 


ESI has outstanding opportunities for design and applications engineers. Call or write Mr. Dovis. 
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the forward characteristic curve 
rather than just a portion of the curve. 
Plub-in adapters accommodate differ- 
ent package configurations; one is in- 
cluded and others are available as 
required. An external decade box 
shunt is available to enable the read- 
ing of actual negative resistance at any 
point of the curve. Price for the stand- 
ard model is $99.50; with variable 
shunt and dial for direct negative 
resistance readout, it’s $137.50.— 
Texas Instruments, Inc., Houston, 
Tex. 

Circle No. 321 on reply card 


CIRCUIT FLEXIBILITY 


The new central timing system shown 
above is expected to prove valuable in 
range timing systems, time corrella- 
tion of data, and central programming 
units. Flexible logic and circuitry al- 
low its use in a variety of applications. 
Heart of the system of modular units 
is the time correlation unit which con- 
sists of a time indicator, frequency 
divider, and time accumulator. Stand- 
ardized design permits the system to 
serve as an electronic clock. Three 
remote indicators can be driven by the 
device—Temco Electronics Div., 
Temco Aircraft Corp., Dallas, Tex. 
Circle No. 322 on reply card 


PLUS... 


(323) To test their own production 
of high performance stepper motors, 
Mechatrol, Div. Servomechanisms, 
Inc., Westbury, N. Y., has developed 


an analyzer which automatically checks 


motor response and which it is now 
offering to other users. . . . (324) 
Electrical characteristics of all com- 
mercially available computing _ re- 
solvers can be measured on a new 
test set available from Theta Instru- 
ment Corp., Saddle Brook, N. J... . 
(325) A new 70-db log voltmeter from 
Houston Instrument Corp., Houston, 
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WHITH...THE ONLY PERFORATED 








A single speed, unidirectional, photo-electric, perfor- 
ated strip reader, the Potter 909 is 


OBEDIENT...stops on the stop character at speeds 
up to 600 characters per second and it can be 
stepped one character at a time where synchronous 
readout is needed. 

VERSATILE ... output is a timed, shaped pulse for 
input to a computer, high speed printer, or control 
system. 

..-parallel NPN, PNP amplifier output circuit supplies 
up to 40 ma to loads returned to any bias voltage. 








FAST...operates at speeds up to 1000 characters per 

second with complete dependability. 

SENSITIVE ...a broad image light source eliminates 

the effects of filament variations in the lamp. 

COMPACT... fits into a 10% in. case—with its own 

power supply and amplifiers. 

The Potter 909 perforated tape reader includes a 

tape transport system, tape reading system, power 

system, and control system. It is designed for panel, 

rack, or cabinet mounting. Accessories available 

include tape spoolers and tape bin, cooling fan, 

mounting adapters and extension frames. 

WRITE FOR DETAILED $PECS AND LATEST by ek 
PRICE AND DELIVERY INFORMATION MODEL 909 PERFORATED STRIP READER WITH MODEL 3299 SPOOLER 


DST TAPE HANDLER FOR YOUR MONEY 


The Potier 906 II is the high speed digital magnetic 
tape handler that gives you higher performance, 
greater reliability, and lower cost than any other tape 
handler on the market— bar none. 


Only with the 906 II do you get such advantages as: 


.. full forward reverse cycling at 120 ips with 1 inch 
tape. 

...low skew tape guide that permits conventional 
recording at 400 bpi density. 
... 1500 bpi recording densities which are made pos- 
sible by using the 906 II with the Potter Contiguous 
Double Transition System. 450,000 8-bit characters 
per second can be recorded on 1 inch tape. 
...transistorized control of all functions that simplifies 
computer design. 

..simplified packaging for easy maintenance. 

...@ price—far below other makes—that proves the 
economy of superior design. 
Compare them any way you like—spec for spec, dollar 
for dollar, space for space—and you'll agree that the 
high performance, low cost Potter 906 IL is the most 
tape transport at any price. 
WRITE FOR DETAILED SPECS AND LATEST 
PRICE AND DELIVERY INFORMATION 


BERS. ‘ - HAN gt us 


POTTER INSTRUMENT CoO., INC. 
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Standard Tatnall cells for popular applications. Designed 
and built to give you unsurpassed standard cell performance 
and value. Both universal and compression type cells in 
several ranges available off-the-shelf for new or replacement 
applications. 


Tatnall "Function-Fitted"’ transducers custom-built to your needs. You 
specify application, accuracy, size, encasement, temperature compensa- 
tion, corrosion resistance and other design, construction and performance 
features. You get ample, dependable performance . . . delivery matched 


to your schedule... and high economy, because you pay only for the 
features you need. 


Budd technical and engineering service is available to help you deter- 
mine your transducer requirements, select the best method of meeting 


them, and apply Tatnall cells with highest effectiveness. We invite 
you to write or call for a frank discussion of your needs. 


usremenrs MD __M 
VDT) i) k/ Brn 


THE BUDD COMPANY - P.O. Box 245 + Phoenixville, Pa. 


Consult your phone book for sales offices in: Atlanta, Ga., Oak Park, Ill., Boston, Mass., 
Detroit, Mich., Seattle, Wash., Dallas, Tex., Los Angeles, Calif., San Francisco, Calif. 
In Canada 


Tatnall Measuring and Nuclear Systems, Ltd., 46 Hollinger Rd., Torcnto 16, Ont. 
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Tex., is potentiometric and accurate 


| to 0.2 db or 2 percent anywhere on its 


14-in., three-cycle scale. 
Circle 323, 324 or 325 on reply card 


PRIMARY ELEMENTS 
& TRANSDUCERS 


CONSTANT DAMPING 


The Model GMB is a new, miniature, 
gas-damped accelerometer that ex- 
hibits exceptionally constant damping 
over a wide temperature range. Damp- 
ing is obtained by using the single sup- 
port spring and seismic force to force 
gas through a controlled leakage path. 
Characteristics: 
Ranges available: + 1 to 
Output: wirewound pot 
Accuracy: within + 1 per cent 
Frequency response: flat within + 5 
percent to 0.4 of natural frequency 
—Genisco, Inc., Los Angeles, Calif. 
Circle No. 326 on reply card 


30 g 


| SELF-CONTAINED 


This new aircraft tachometer-generator 
includes an integral ac power supply. 
The combination unit weighs 2.7 Ib 
and eliminates the need for a separate 
subsystem power supply. Adaptable 
to reciprocating and gas turbine en- 
gines, the unit is suitable for operation 
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300 HOUSINGS PER HOUR 


produced on Greenlee machine— 


with assist from MICKERS. hydraulics 


Here’s a Greenlee transfer machine that produces 300 steering gear housings 
per hour while performing a total of 114 close tolerance machining operations. 
This outstanding performance record is achieved because the machine combines 
advanced design ideas with the best available components. 





Self-contained Vickers hydraulic power packages provide controlled power 
for clamping the pallet-mounted workpieces in precise position at each work 
station, driving transfer mechanisms and for movement of certain machine heads. 
These power packages are designed to JIC (Joint Industry Conference) standards 
which means easy maintenance and minimum downtime to you. 


Vickers offers you power packages, either standard or custom engineered that 
provide an almost unlimited number of choices to meet your specific technical 
requirements. You can choose from the broadest product line in the industry any 
combination of controls for use with single, double, two-pressure or two-stage pumps 
(the latter for pressures to 2000 psi), and for variable and constant delivery pumps 
to 5000 psi. Your choice of components will be packaged with the size or shape 
reservoir best suited for your job. 

Whether the Vickers power package you choose is standard or custom 
engineered, you save money and time because it comes ready-to-go—designed 
and assembled to the highest standard of quality by hydraulic specialists. 


Get more data by writing today for Bulletin 5001C or by consulting your 
nearby Vickers application engineer. 


VICKERS INCORPORATED — 
DIVISION OF SPERRY RAND CORPORATION 
Machinery Hydraulics Division 
ADMINISTRATIVE and ENGINEERING CENTER 


Department 1606 * Detroit 32, Michigan 
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Vickers power packages supply fluid 
energy for fast, precise, automatic 
clamping, transfer and head move- 
ment at station locations marked 
with asterisk. 


a 
a 





TRANSFERS 
4 PALLETS 
AT A TIME 





INSPECTION 
BANK 
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How to Write 
a Work Report 
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“Keeping track” is a fantastic problem in today’s factory. Far and away the 
best (and cheapest) solution is a Friden Collectadata system. It works like this: 
1) Work orders are issued as tab cards or edge-punched documents. 
2) When a job is completed, the worker puts his card in a Collectadata 
transmitter and touches a button. 
The Collectadata receiver in the data center receives and automatically 
punches the information into a paper tape and records the time the 
message was received. 
At the end of the day, the tape is processed — fed either into a tape to 
tab card converter, or directly into a computer — to prepare a com- 
plete summary of work activity. 
All plant activity—from receiving dock to shipping room—can be reported and 
recorded by this same simple method. For complete information, talk to your 
Friden Systems Man or write: Friden, Inc., San Leandro, California. 
THIS IS PRACTIMATION: Friden applies automation at the source of data 


with proved equipment, practical, and sensibly priced. B 1000 emioen, we. 


Friden 


} 
SALES, SERVICE AND INSTRUCTION THROUGHOUT THE U.S. AND THE WORLD 
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at altitudes from sea level to 70,000 
feet and at temperatures from minus 
85 to plus 350 deg F. The alternator 
provides 420-cycle power at 4,200 
rpm and consists of a 12-pole perma- 
nent magnet rotor and stator. It has 
five voltage windings: three-phase, 28 
volts and two-phase, 5 volts, with 28 
volts at 0, 90, and 180 electrical deg 
and 5 volts at 0 and 180 deg.—General 
Electric Co., W. Lynn, Mass. 

Circle No. 327 on reply card 


DC GYRO 


A rate gyro suitable for flight test ap- 
plications uses a de motor to achieve 
reliability obtainable up to now only 
by ac powered models. Measuring 2 
x 4 in., the gyro package contains a 
miniature transistorized power in- 
verter, eliminating commutators, 
brushes, slip rings, and governor con- 
tact points. Useful motor life is es- 
timated to exceed 1,000 hrs. In addi- 
tion to its ability to supply rate of 
turn data, the gyro inverter can be 
used as a 400-cps ac source for other 
gyros.—Giannini Controls Corp., Pasa- 
dena, Calif. 

Circle No. 328 on reply card 


PROTECTS EQUIPMENT 


The shock overload indicator shown 
above is designed to be mounted with 
sensitive equipment in shipping con- 
tainers to indicate any excess shock 
that may occur in transit. Only 14 in. 
in diam by 14 in. high, the unit is 
sensitive to acceleration in one direc- 
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Need a Motor Speed Control that... 


a Delivers rated torque over wide ranges of speed without causing 
pulsation or chatter? 


Requires no warm-up, is smooth starting, and has high initial torque? 
* Can be instantly started, stopped, or reversed at any load? 


* Has long life? 


General Radio Variac® Motor Speed Controls 
have all these features. They are designed to 
operate d-c motors from a-c lines. Thus, they com- 
bine the excellent starting characteristics and good 
regulation of d-c shunt- and compound-wound 
motors with all the conveniences of a-c operation. 


Ten models... in sizes from 1/15 hp to 3/4 hp 
...can be purchased complete or in stripped- 
down styles for installation by original equipment 
manufacturers ... quantity discounts apply... 
motors available. roa 


Type 1701-AK 


complete stripped-down 
speed range model model 


for shunt motors 1/15 hp or less 0 to rated 1701-AK 1701-AKW 
0 to 2x rated $95 7 


for shunt motors 1/15 hp or less 0 to rated ou 











for series or universal motors 0 to rated 1701-AU 
1/15 hp or less 





for shunt or compound motors 0 to rated 1703-A 1703-BW 
Type 1703-A 1/12 hp to 1/6 hp 0 to 1.25x rated $110 $90 
0 to 1.5x rated 





for shunt or compound motors 0 to rated 1700-8 1700-CW 
1/4 hp to 1/3 hp 0 to 1.15x rated $180 $155 


for shunt or compound motors 0 to rated 1702-A 1702-BW 
1/2 and 3/4 hp 0 to 1.15x rated $255 2 
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WEST CONCORD, MASSACHUSETTS 


in Electronics 





NEW YORK, WOrth 4.2722 CHICAGO FURADEPINA «WARENOTON D.C SAM PRANEOD LOS ANGELES IN CANADA 
i Ock Park Abington er ing Los Altos Los Angeles oronto 
District CO Nmey aS1a0 Village 8-9400 HAncock 4-7419 JUniper 5-1088  WHitecliff 8-8233 — HOllywood 9-620! CHerry 6-2171 
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Inventoried items at 1,000 per minute. 


Bank statements at 16 entries per second. 


proven reliability of Anclex High 
ed Printers has made them the 
ard equipment which is designed 
the systems of most leading computer 


for further information, write or telephone 


ANELEX CORPORATION 


150-D CAUSEWAY ST., BOSTON 14, MASS. 


CIRCLE 146 ON READER SERVICE CARD 


NEW PRODUCTS 


tion along the longitudinal axis and 
in all transverse directions. Different 
sensitivities in the different directions 
may be set. Mounted back tu back, 
two units provide full spherical sensi- 
tivity. Standard model is $20 in lots of 
a thousand.—Convair Instruments, 
Convair Div., General Dynamics 
Corp., San Diego, Calif. 

Circle No. 329 on reply card 
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(330) A servomotor tach generator is 
coupled through a reduction gear 
train to a synchro control transformer 
in a hermetically sealed plug-in mod- 
ule available from John Oster Mfg. 
Co., Avionic Div., Racine, Wis. 
(331) Priced at $25 to $95, a new 
linear variable differential transformer 
introduced by Magnetic Instruments 
Co., Inc., Thornwood, N. Y., has a 
sensitivity of 10 volts per in. with a 
range of +0.15 in. and linearity to 
within 0.25 percent. 

Circle No. 330 or 331 on reply card 


CONTROLLERS, 
SWITCHES & RELAYS 


JH-180 

. 26.506 

300 OHMS 
+125°C 


2A 29V-DC 





CUBIC INCH RELAY 


First subminiature, six-pole, double 
throw relay to be designed with 0.2- 
in. grid spacing, the JH-18D occupies 
less than a cubic inch of space and 
weighs only 1.8 oz. Standard coils 
include nominal voltage ratings from 
6 to 115 vde with 2.5-watt power rat- 
ing. Available also are coils for plate 
circuit applications with pull-in as 
low as 7.5 ma with 11,750-ohm re 
sistance. Operate time is 8 millisec 
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WHEN IT IS 


VITAL* 
TO KNOW | 


~200 ~—100 8) 100 200 300 


700 800 900 1000 1100 1200 1300 1400 


FAHRENHEIT 


T/R Characteristics of Model 242P 
Edison Resistance Temperature Detector 


HE PRECISE TEMPERATURE 


New manufacturing methods and new materials now 


enable Edison to offer a wide variety of Resistance 
Temperature Detectors for virtually any industrial tem- 
perature measurement. Edison RTDs indicate, record or 
control temperatures precisely and quickly, over a long 
period of years — without drifting, without maintenance 
and without errors due to ambient temperatures, stray 
elecrical fields, nuclear radiation, shock or vibration. 
Because its principle of operation is based on the 
fact that the electrical resistance of metals increases 
with temperature, the Edison RTD is inherently accu- 
rate. Its accuracy is attested by the fact that in the 
temperature range of minus 300°F to plus 1220°F the 
platinum RTD is the International Temperature Scale. 
Since high-purity noble metals are used in the construc- 


tion of Edison RTDs, they are extremely stable and 
reproducible. Their use in Wheatstone bridge circuits 
simplifies instrumentation by permitting the use of higher 
levels of power than is possible with either thermo- 
couples or thermistors. 


Standard detectors are available for use in the bear- 
ings of all types of machinery, to measure temperatures 
under nuclear radiation, on air compressors or in any 
chemical or petrochemical process. A wide variety of 
detectors for special purposes and for measurements to 
1,800°F is also available from Edison, leader in the field. 





Send for catalogue 3016 describing 
Standard Edison Temperature Detectors or send 
us your requirements for special detectors. 








Thomas A. Edison Industries 
INSTRUMENT DIVISION 
38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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This is a DC standard cell 


For more information call or write us direct, 
or call your nearest KIN TEL representative. 


5725 Kearny Villa Road, San Diego 77, 


KIN TEL manufactures electronic 
instruments for measurement and control, 
and closed circuit TV. Representatives 

in all major cities. Write for detailed 
literature or demonstration. 
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This is a KIN TEL 601A AC 
voltage standard, the nearest 
AC equivalent 


The GO1A 
produces 1 to 501 
volts, at 60, 400 

or 1000 cps. Voltage accu- 

racy is + 0.1%. Frequency 

accuracy is + 1.0%. Harmonic 

distortion is less than 0.3%. 

Power output capability is 5 
amps up to 5 volts and 

25 watts above. The output 

is completely floating 
and isolated from AC 
line and chassis 
ground. 


If you calibrate 
high-accuracy AC measuring 
instruments, or design servo or 
gyro equipment, or evaluate magnetic 
properties, you probably need this 
new kind of voltage standard. 


California, Phone: BRowning 7-6700 


ELECTRONIC Ss, INC. 
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Heart of the 


Control System 
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‘DIA 
Relays 


“Diamond H”’ relays have a 
record of high reliability proved 
in critical applications ranging 
from missiles to nuclear sub- 
marines. That’s why increasing 
numbers of engineers are speci- 
fying ““‘Diamond H”’ relays in 
the heart of their control 
systems. 

Hart makes these basic types 
of relays: 


® Miniature, hermetically- 
sealed aircraft-missile re- 
lays, (Series R and Series S). 

® High-speed sensitive polar- 
ized relays (Series P). 

® General purpose AC/DC re- 
lays (Series W) 


Technical literature out- 
lining the wide range of char- 
acteristics available in each 
type relay is yours for the 
asking. You'll find ‘‘Diamond 
H” engineers skilled in opti- 
mizing the basic designs to meet 
your specific requirements. 

Tell us your needs . . . by 
phone, wire or letter. 


<> 
“HA 


MANUFACTURING COMPANY 


165 Bartholomew Ave., Hartford 1, Conn. 


Phone JAckson 5-3491 


CIRCLE 213 ON READER SERVICE CARD 





MOND Hi’ 


RT 





| NEW PRODUCTS 


and release time is 5 millisec at nom- 

inal voltage at 25 deg C.—Allied Con- 

trol Co., Inc., New York, N. Y. 
Circle No. 332 on reply card 
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PNEUMATIC SQUARES, ROOTS 


Two new wide band pneumatic relays 
have been introduced for square root 
extracting and for squaring. The VSR 
extracts square roots down to 10 per- 
cent of output span; the VS forms 
squares from 1 percent of output span. 
Input and output ranges for both 
models are from 3 to 15 psig with 
air consumption of 0.2 sctm.—Rock- 
well Mfg. Co., Pittsburgh, Pa. 

Circle No. 333 on reply card 


OPERATES FASTER 


The short pole piece with a longer 
moving reed shown in the reed relay 
above allows this new device to oper- 
ate at higher speeds than conventional 
reed switches. With maximum oper- 
ating current of 1 amp, it is suitable 
for low level switching up to 15 watts 
and 250 volts. Load life at 4 of maxi- 
mum rating is about 200 million oper- 
ations.—Struthers-Dunn, Inc., Pitman, 
N. J. 

Circle No. 334 on reply card 


POTTED LIMIT 


A new line of potted limit switches 
has been introduced for applications 





 senon 


RTD 230N 


DETECTS 


LIQUID 
AND GAS 


‘TEMPERATURES 
‘from -100° 

















This patented construction 
Resistance Temperature 
Detector is a low-cost 
stem-sensitive, general 
purpose detector for fast, 
precise temperature 
measurement and control in 
industrial processes. 
Hermetically sealed 

RTD 230N measures the 
temperature of steam, 
water and oil up to 600°F. 
For complete information, 
write for Reference Data 
Sheet 1045A-4. 


SPECIFICATIONS: 


Temperature Resistance 
Characteristic: No. 7 
Time Constant in Agitated 

Water: 2 sec. 
Maximum Current in Air: 
0.015 amps; 
in Water: 0.025 amps 
Maximum Pressure: 200 psi 








THOMAS A. 


EDISON INDUSTRIES 


INSTRUMENT DIVISION 


West Orange, New Jersey 
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At The Ramo-Wooldridge Laboratories... 
integrated programs of research & development 
of electronic systems and components. 


The new Ramo-Wooldridge Laboratories in Canoga Park provide 
an environment for creative work in an academic setting. Here, 
scientists and engineers seek solutions to the technological prob- 
lems of today. The Ramo-Wooldridge research and development 
philosophy places major emphasis on the imaginative contribu- 
tions of the members of the technical staff. ® There are outstanding 
opportunities for scientists and engineers. Write Dr. Richard C. 
Potter, Head, Technical Staff Development, Department 18-G. 


$4 THE RAMO-WOOLDRIDGE LABORATORIES 
® c A PARK, CALIFORNIA 


8433 FALLBROOK AVENUE, CANOG 


An electron device permits scientists to study the behavior of charged dust particles held in suspension. 
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Now 2 to 3 
week delivery 
on popular 
BUORD items... 


and in production 
quantities! 


Mark 7 Mod 0 
Mark 7 Mod 1 
Mark 12 Mod 0 
Mark 12 Mod 1 
Mark 16 Mod 1 
Mark 16 Mod 3 


Size 15 Servo Motor 
Size 15 Servo Motor 
Size 15 Motor Generator 
Size 15 Motor Generator 
Size 18 Motor Generator 
Size 18 Motor Generator 
(For transistor circuits) 
The addition of our second factory 
means delivery in six to twelve weeks 
on many other G-M Servo Motors 
and Motor Generators as well; sizes 
8 to 18, including other BuOrd items. 


*Now Bureau of Naval Weapons 


* % 
° ~ § Ask also for 
oo O65 
| full information; 
G-M Recommended 


t went 
suave COMPS | Specification No. 665 


p = and Catalog. 
Ys | 


i-M Servo Motors 


G-M LABORATORIES INC 
4340 N. Knox Avenue - Chicago 4! 
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where large quantities of oil or coolant 
are present. ‘The devices exclude all 
foreign materials and liquids since, 
after prewiring, conduit entrances are 
then sealed with epoxy resin. All of 
the manufacturer’s former Type AW 
(small precision) and Type T (heavy 
duty) switches are now available in 
the new design.—Square D Co., Mil- 
waukee, Wis. 

Circle No. 335 on reply card 


POWER SUPPLIES 


= a 


FOR TIGHT SPACES 


Units in the Slimline transistorized 
regulated power supply series shown 
above are designed for tight packaging 
situations to provide maximum per- 
formance in minimum space. Narrow 
width is employed to facilitate stack- 
ing units; width is 14 or 1} in. de- 
pending on output. Height and depth 
both are 4 in. Outputs are available 
from 5 to 60 vde at 200 ma nominal. 
The supplies offer regulation to within 
0.05 percent from no load to full 
load and + 10 percent line changes. 
—Systems Research Corp., Northridge, 
Calif. 

Circle No. 336 on reply card 


PACKS IN THE POWER 


Considered to be operating at the 
highest power per cubic inch level 
currently available in transistorized dc 
supplies, these new models are only 
34 in. high. Standard features include 
an ammeter and volumeter with 98 
percent accuracy, remote sensing, and 


EDISON 


RTD 313N 
MEASURES 
METAL 
TEMPERATURES 
from -100° 
to +600°F 


DRILL “5%,” HOLE 
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3i35N 
DETECTOR 


a 

















Because it has two concentric 
sensing elements in its tip, this 
Resistance Temperature Detector 
is essentially two detectors in 
one housing. Designed to measure 
such metals as machinery 
bearings, its independent 
elements can be used to operate 
individual indicators, monitors, 
recorders, controls or two 
instruments in different locations. 
Extension tubes available up to 
10 feet long. May be used in 
thermowells with %” bore. For 
complete information, write for 
Reference Data Sheet 1045A-8. 


SPECIFICATIONS: 


Temperature Resistance 
Characteristic: No. 7 

Time Constant in Agitated 
Water: 5.0 sec. 

Maximum Current in Air: .015 amps; 
in Water: .025 amps 


Maximum Pressure: 15 psi 
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EDISON INDUSTRIES 
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West Orange, New Jersey 
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New tests confirm high reliability and stability 
of IRC Molded Metal Film Resistors 


IRC has completed a new series of tests upon 7500 
molded metal film resistors. The charted results are pre- 
sented in a booklet just released: ‘‘Performance and 
Reliability of IRC Molded Metal Film Resistors.” 


This booklet is a sequel to IRC’s report on a similar series 
of tests conducted in 1958. Where data are comparable, 
the earlier results are plotted against the new findings. 


Tests are based upon MIL-R-10509C specifications, and 
are presented through the use of the probability tech- 
nique. They include Temperature Cycle, Low Temper- 
ature Operation, Short Time Overload, Terminal 
Strength, Dielectric Strength, Effect of Soldering, Mois- 
ture Resistance, Temperature Coefficient and Load Life. 
Noise characteristics, shelf and operational stability, and 
high frequency characteristics are also reported and 
graphed. 


The tests encompass IRC’s full line of Molded Metal 
Film Resistors—5 types: 4, 14, 14, 1 and 2 watts. The 
overall superiority of these advanced precision film resis- 
tors is shown conclusively. Their capability to provide 
high reliability over extended periods is confirmed again 
by this rigorous series of tests. 
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TYPICAL HIGH FREQUENCY PERFORMANCE 
OF IRC MOLDED METAL FILM RESISTORS 
19. MEY 3875% T rte 
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A booklet is reserved for your company and available by 
request on your company letterhead or through your 
local IRC representative. For product data, write for 
Bulletin B-3. International Resistance Co., Dept..245. 
401 N. Broad St., Philadelphia 8, Pa. 


| 
Leading supplier to manufacturers of electronic equipment 
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MODERN 


ELECTRONIC 
ENGINEERING 
GIVES PRECISE 


MOTOR SPEED 


CONTROL 
1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed contro! in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant forque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


4 ELECTRO DEVICES 


DIV. of 


4 Godwin Ave., Paterson, N. J 


ARmory 4-8989 


CIRCLE 215 ON READER SERVICE CARD 





NEW PRODUCTS 


remote programming. A typical model 
in the line will put out 0-36 volts at 
0-4 amps. Input required is 105-125 
volts, 55-65 cps, single phase. Maxi- 
mum ripple is 1 mv rms; 25 microsec 
is maximum load transient response 
time. Price is $485.—NJE Corp., Ken- 
ilworth, N. J. 

Circle No. 337 on reply card 


FOR AEROSPACE 


Several new dc/dc power supplies, 
for missile and aircraft applications are 
designed to step up de power to pre- 
cisely regulate line and voltage varia- 
tions. The solid state devices feature 
maximum reliability, small size, and 
voltage ranges from 5 to 250 vde in 
34 standard models.—Amoux Corp., 
Los Angeles, Calif. 

Circle No. 338 on reply card 


PLUS... 


(339) Output of 28 vde at a continu- 
ous rating of 74 amp is available from 
a new militarized supply put on the 
market by Perkin Engineering Corp., 
El Segundo, Calif. . . . (340) High 
current, with ultrahigh regulation, is 
featured in a recently announced de 
power supply from Krohn-Hite Corp., 
Cambridge, Mass. . . . (341) Con- 
tinuously variable from 0 to 18 volts 
at from 0 to 1.5 amps, a new versatile 
supply has been introduced by Harri- 
son Labs., Berkeley Heights, N. J. 
Circle No. 339, 340, or 341 
on reply card 


ACTUATORS & 
FINAL CONTROL 
ELEMENTS 


CUTS THE SIZE 

So small it establishes a new classifica- 
tion half the size and weight of pre- 
vious units, this new linear actuator 
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This stem-sensitive, 
fast-response Resistance 
Temperature Detector 

is specifically 
constructed to 

meet rigorous 
environmental 

operating 

conditions in 

turbulent liquids 

under nuclear 

radiation. Absolutely 
water-tight even 

under pressures to 

200 psi while subject 

to vibration and 
acceleration to 

100 g’s under resonant 
frequency (or 2000 cps). 
For complete information, write for 
Reference Data Sheet 1045A-7. 


SPECIFICATIONS: 


sy ee Resistance Characteristic: 
0.1 


Time Constant in Agitated Water: 1.5 sec. 
Resistance Tolerance: + 0.5% 
Maximum Current in Air: 0.015 amps; 
in Water: 0.020 amps 
Withstands: Radiation level of 500 rad/hr. 
from 0°C to +-170°C 
Radiation exposure of 5 x 107 
tad total of 1 MEV average 
Gamma radiation at tempera- 
tures of 125°C to 150°C 
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power and band width... 


50 watts from dc to 500 kc with this 


new direct-coupled amplifier! 


NEW from Krohn-Hite: this unique combination of high power and 
bandwidth! The Model DCA-50 offers you the convenience of 50-watt 
amplification of all sources from dc to one-half megacycle, without the 
bother of changing amplifiers or bandswitching! 


The DCA-50’s low distortion— less than 0.2%— makes it the perfect 
complement for low-distortion, quality oscillators ... for unexcelled 
performance over the entire frequency range. And by cascading two 
DCA-50’s, you get a full 100 watts of virtually distortion-free push- 
pull power! 


Output — to 450 volts peak to peak, to 2.5 amps peak to peak. Fre- 
quency response is flat to within one db, from dc to 500 ke. Stability is 
excellent for both output dc level and gain. 


So when you need power amplification, with high current, get the 
real flexibility of dc-through-rf bandwidth. And, because of the 
DCA-50’s low-distortion specifications, this direct-coupled amplifier 
is ideal for systems where variable frequency power is needed. Write 
for full information. 


Other Krohn-Hite amplifiers include the direct-coupled 10 watt 
DCA-10, and the ultra-low distortion (0.005%) 50 watt UF-101A. Also, 
Krohn-Hite Oscillators, Filters and Power Supplies. 


KROHN-HITE CORPORATION 


580 Massachusetts Avenue - Cambridge 39, Mass. 


Pioneering in Quality Electronic Instruments 
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weighs only 8 oz. With 28-vde motor, 
it is rated at 6 in. per min at 50 lb 
operating load and will move loads of 
more than 200 lb. Included in the 
package shown above are four adjust- 
able limit switches, nonjamming me- 
chanical stops, l-in. electrical stroke, 
end fitting, and electrical connector— 
all in an envelope | x 2 x 4.2 in. be- 
tween mounting centers.—Nash Con- 
trols, Inc., Newark, N. J. 

Circle No. 342 on reply card 


SYNCHRONOUS STEPPER 


(his new motor is suitable for a wide 
range of applications requiring con- 
stant 72-rpm synchronous speed and 
or de stepping with instant starting, 
stopping, and reversing. Price without 
planetary gears is $36. 
Characteristics: 
Input: 120 volts, 40/70 cps, single 
phase, 30 amp max (at 60 cps) 
Output: 72 rpm at 60 cps, 50 oz-in. 
Temperature range: 75 deg C rise from 
40 deg C max ambient. 
Weight: 3 lb 
—Superior Electric Co., Bristol, Conn. 
Circle No. 343 on reply card 


BALLISTIC SUBMINIATURES 


Small, rugged, and with high specific 
energy output, this new line of ballis- 
tic actuators can replace solenoids 
in many applications where weight, 
space, and electrical power savings 
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Here’s how Skinner two-way 
valve design provides long lasting, 
trouble-free operation 


Underwriters’ Laboratories approved 
Stainless steel internal parts resist corrosion 


Forged naval brass body 


Famous Skinner V5 solenoid operator 


Well rounded main orifice and pilot seats 


NORMALLY CLOSED TYPE R2 


A—Transparent view of normally open 2-way R type 


valve with piped pilot exhaust return 


B—Coil C—Sleeve, plunger and spring assembly 
D—Piston assembly with soft synthetic insert 


When you have high-flow control problems 
at standard or high pressures the new Skinner 
two-way R series valves may be the answer. 
These pilot-operated solenoid valves are de- 
signed for use with air, oil, water, inert gases 
and other common media at operating pres- 
sure differentials of 5 up to 1250 PSI. They 
may be used for all types of control appli- 
cations, such as: in high-pressure lifting, 
commercial laundry equipment, machinery, 
machine tooling, spraying, etc. 

Skinner R series two-way valves have 
forged naval brass bodies to provide a dense 
metal structure and use a foolproof stainless 
steel piston with soft synthetic insert to 
open and seal the main orifice. Types are 
available normally open or normally closed, 


in standard and explosion-proof construction. 

To make installation easy for every appli- 
cation, a wide choice of electrical housing 
options is available. These include JIC, AN 
connector, automotive terminals, etc. All 
housings can’ be rotated 360°. Manual over- 
ride is also offered to permit manual opening 
of normally closed valves, or closing of nor- 
mally open valves, in emergency. 

Skinner R series valves may be used with 
all common voltages and frequencies and 
there are several coil types such as: varnished, 
molded waterproof, tropicalized and high 
temperature for specific applications. 

The R series, illustrated here, is just one 
in a complete range of 2-, 3- and 4-way 
Skinner solenoid valves. 


TWO-WAY R SERIES SPECIFICATIONS 


R2 R2H RPI 
XR2 XR2H R2H6 XRP1 


Position Normally closed Normally closed Normally closed Normally open 
Pipe Size (NPTF yy" a” “A 

Dry Seal) 
Orifice Size yy" 
Cv Factor -758 


Types 





Operating Pressure 
Differential (PSI) 
Minimum 5 5 


Maximum AC Service 200 1250 150 
Maximum DC Service 200 500 1000 150 
Bubbletight Bubbletight Bubbletight Bubbletight 


Minus 40°F to Minus 40°F to Minus 40°F to Minus 40°F to 
plus 180°F plus 180° F plus 180°F plus 180°F 


Leakage 


Temperature Range 
(Ambient and Media) 














When you specify solenoid valves, specify Skinner. Skinner solenoid valves are distributed nationally. 


For complete information, contact a Skinner Distributor 
listed in the Yellow Pages or write us at the address below. 


SKINNER VALves 


SKINNER ELECTRIC VALVE DIVISION, 


THE CREST OF QUALITY THE SKINNER CHUCK COMPANY « NEW BRITAIN, CONNECTICUT, U.S.A. 


PRINTED IN U.S.A 
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are important. Either push or pull 
action is available with force outputs 
to 25 lb. Unit shown measures 0.5 
x 0.6 x 0.38 in. and weighs 4 grams 
without leads. This model has a 
stroke of 2 in. and force output of 
3 Ib. Actuator fires at 28 volts from 
an energy input of 15,000 erg.—Pro- 
pellex Chemical Div., Chromalloy 
Corp., Edwardsville, Ill. 


Circle No. 344 on reply card 


COMPONENT 


MULTIHEADED 


Combinations of PNP, NPN, ampli- 
fier, computer, mixer, and other tran- 
sistor types are available in a new 
multiheaded transistor. Two indi- 
vidual transistors in one head are 
packaged to achieve greater miniaturi- 
zation. No interference of contact be- 
tween transistors occurs. Package is 
JEDEC 30.—Electronic Transistors 
Corp., North Bergen, N. J. 

Circle No. 345 on reply card 


BIT IN A TENTH INCH 


The potted Microbit elements meas- 
ure only 4 in. square by ¥ in.—about 
Yo cu in., but they contain a complete 
one-bit shift register circuit. Theoret- 
ical packing density would be 50,000 
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differential or 
gauge pressure 
quichly... 
accurately... 
reliably 


Wallace & Tiernan Aneroid Dial 
Indicators give you fast response, 
high sensitivity, reliable 
accuracy. 


Whether you're in testing, man- 
ufacture, or research, there’s a 
WA&T Dial Indicator that’s ideal 
over a wide range of differential 
or gauge pressures. 


A W&T Aneroid Dial Indicator 


guarantees you: 

* Accuracy 0.1% to 0.33% 

* Sensitivity 0.01% to 0.2% 

* Range 0-10” H20 to 0-500 
p-s.i.g. 

*x Light weight, small size 

* Custom-calibrated dial 

* No corrections 


W&T Aneroid Dial Indicators are also furnished 
as compound gauges with zero center for measur- 
ing both pressure and vacuum. 


Find out how these reliable, easily read dial indi- 
cators save you man-hours. For full information 
on their convenience, adaptability, dependability, 
and other outstanding features, write Dept. A-129.28. 


WALLACE & TIERNAN INCORPORATED 





25 MAIN STREET, BELLEVILLE 9. NEW JERSEY 
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A World of servo engi- 
neering...for the servo 
engineering world... The 
versatile Dieh! family of 
Servo Components. 


~ about servomotors 


Has space exploration caused your serv- 
omotor cost to skyrocket? ... forcing 
you to pay for protection against envi- 
ronments found only in space... not in 
your applications? If so, the now com- 
plete line of DIEHL Instrument Servo- 
motors that give “out of this world” 
performance at down to earth prices is 
expressly tuned to your needs. These 
new epoxy encapsulated, round frame 
motors were especially designed for 
those applications where earthly envi- 
ronments such as salt, fungus, moisture, 
and ambients of —55 to + 55°C... (and 
low budgets) ... are normally encoun- 
tered. And, the line has been developed 
with sufficient latitude to meet your 
every rating requirement. Available in 
sizes 11 and 15, and in larger frames 
with power outputs from 1 to 20 watts. 


All Diehl Instrument Servomotors feature: 

@ Prelubricated ball bearings 

@ Epoxy encapsulated windings 

@ Double shaft extension (pinioned for 
sizes 11 and 15) 

@ Precision machined aluminum housing 

@ Servo mount 

®@ Optional addition of integral tachometer 
or precision gear train. 


If you have an earthbound application, 
why not get the servomotor fitted to your needs? 


For more information, write to 


SINGER™ 


\ DIEHL MANUFACTURING COMPANY 


A SUBSIDIARY OF THE SINGER MANUFACTURING COMPANY 


TA Trademark of THE DIEHL MANUFACTURING COMPANY 


Somerville, New Jersey 
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components per cu ft. Small size is 
aided by small power requirements— 
less than 150 mw peak power to shift 
a signal.—Magnetics Research Co., 
Inc., White Plains, N. Y. 

Circle No. 346 on reply card 


HAS ZERO BACKLASH 


When energized, this new 1-in. diam 
by 0.780 in. long brake puts out 35 
oz-in. torque at 24 vdc to slow or stop 
shaft rotations in control systems, 
computers, etc., where high torque 
and small size are required. Power 
consumption at 28 vdc is 2 watts; zero 
backlash is claimed.—Orbit Instru- 
ment Corp., Syosset, N. Y. 

Circle No. 347 on reply card 


AIR DASHPOT 


New models of the Airpot, an_air- 
damping dashpot that aids in system 
stabilization, vibration damping, and 
time delay are now available. Less 
than an ounce in weight, the device 
is made up of a graphitized carbon 
piston and a low-expansion glass cyl- 
inder. ‘These elements are fitted to 
tolerance of 0.0001 in. Standard 
models damp equally in two direc- 
tions; others are available for either 
push or pull operation.—Electric Regu- 
lator Corp., Norwalk, Conn. 

Circle No. 348 on reply card 


PLUS... 


(349) Ruggedly designed for use in 
severe environments, a new magnetro- 
striction delay line produced by Fer- 
ranti Electric, Inc., Electronics Div., 
Hempstead, N. Y., has a capacity of 
over 2,000 bits at 1 Mc/s (RZ) digit 
rate of 4,000 bits at 2 Mc/s (NRZ). 

. (350) The new Digipac line of 
miniature logic blocks from Dynamic 
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KCP SERIES 


Here are only three of a large family of ‘“‘K Series’’ 
relays by P&B. Blood brothers all, they are 
distinguished by fine craftsmanship and design 
maturity. Together they will handle a multitude 
of switching requirements. 


Many design engineers find it saves time, saves 
money to integrate their circuits with related PeB 
relays. Makes sense, doesn’t it? 


KR—A small, lightweight relay used widely in 
communications and automation. Engineered 
for long life and dependability. 3PDT max. AC 
or DC. (See engineering data.) 

KT—Designed for antenna switching. Capaci- 
tance: 0.5 mmfds between contacts. Terminal 
board is glass melamine and stack insulation is 
glass silicone for minimum RF losses to switch 


KT SERIES KR SERIES 


three for dependability at low cost 
MEET P&B’s FAMILY OF “K SERIES” RELAYS 


GENERAL: 
Breakdown Voltage: 500 volts rms minimum between 
all elements 
Temperature Range: 
DC Coils—45°C to 85°C, 
AC Coils—45°C to 70°C, 
Terminals: 
Pierced solder lugs standard. Octal 8 and 11 pin 
plug-in headers available. 
Enclosures: Type K—Hermetically sealed. 
Type P clear cellulose acetate dust cover. 
CONTACTS: 
Arrangements: 3 Form C (3PDT) max. 
Material: 4” dia. fine silver (gold plated). 
Other materials available to increase contact copacity. 
Load: 5 amperes 1/5V 60 cycle resistive. 
COILS: 
Resistance: 16,500 ohms max. AC or DC. 


Power: 1.1 watts minimum to 4 watts maximum for 


300 ohm antenna line. 3 PDT max. AC or DC. = 4 OL DC at 25°C ambient 


J Duty: Continuous 


KC—Low cost plate circuit relay with sensitivity Se ”, tasutation: Contificely ingregneted with nadiating versidh, 


of 125 mw per pole. Factory adjusted to pull-in — 
on specific current values. Available open, her- Bf 
metically sealed or in clear plastic dust cover 

with standard octal-type plug. 3 PDT max. DC. PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


@) POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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CASE HISTORY NO. 102 


MEASURES POUNDS OF VISCOUS LIQUID 


WITH 


The King-Gage 


AND KING PRESSURE TRANSMITTER 


f 


PROBLEM: Measuring the weight of a viscous compound in storage 
at a chemical plant* was slow and uncertain. Likewise for components 
added to mixing tanks. High viscosity ruled out bubble tubes. To measure, 
they stopped the mixers and checked with a dip stick —then figured 
poundage from volume and specific gravity. This took 1% hours per day. 


SOLUTION: They now use a King Diaphragm Pressure Transmitter 
at the bottom of each tank. Each transmitter is connected to a King-Gage 
by an air tube, and keeps the pressure at the gage equal to the head of 
liquid in the tank. By measuring this pressure, the King-Gages show tank 
contents directly in pounds — safely, accurately, instantly. May we send 
you details of this application? Ask for Bulletin EX-740. 


*Name on request. 


REMEMBER: 


The liquid-filled U-tube is the primary standard for measuring pressure 
-—— — its inherent accuracy is greater than that of any other pressure 
measuring device known. The King-Gage uses the U-tube principle. 

King-Gages measure weight, volume or depth of practically all liquids, 
in storage and processing vessels. Located wherever convenient, they 
save time — — eliminate the hazards of climbing on tanks — — guard 
against errors, losses and shortages. 

There’s a King-Gage Distributor near you — — factory trained to give 
you expert service when you want it. 


CATALOG 1010 gives further details; shows appli- 
cations in many fields. Write — 


fe ee, 
i 


| Fae Oy 


whl’ KING ENGINEERING CORPORATION 


3203 S. State St. Ann Arbor, Michigan 
DISTRIBUTORS IN 26 PRINCIPAL INDUSTRIAL CENTERS 
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Controls Co., Cambridge, Mass., in- 

cludes a flip-flop, clock, delay, in- 

verter, gate, pulse amplifier, and in- 
dicator. 

Circle No. 349 or 350 

on reply card 


ACCESSORIES 
& MATERIALS 


POSITIVE ACTION 


This new instrument clutch is de- 
signed for use where minimum space 
is available. Its positive acting crown 
teeth are magnetically engaged and 
spring released. The teeth are pitched 
for easy engagement at very low rpm; 
then smooth acceleration drives the 
load. Only 14 in. in diam and 3 in. 
long, the device develops 80 oz-in. 
torque and may be wound for 28 vde. 
A sheave is mountable on the driven 
hub which is also the armature; other 
mountings are with worm and spur 
gears. — Stearns Electric Corp., Mil- 
waukee, Wis. 

Circle No. 351 on reply card 


40-MM PEN MOTOR 


Capable of recording signals from dc 
to over 100 cps, the Model OS-600 
40-mm pen motor is an integral part 
of the manufacturer's recording sys- 
tems but may also be used separately. 
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High 
Speed 
Repetitive 
Display 


MC-5900 Process Master 


Radar Tracking Computers Analog Computer 





MC-3302 
Transistorized 
Data Plotting 

Board 


MC-701 
Electronic 
Multiplier 


MC-5800 Precision 


Master Analog Computer Linear Programming Computer 


DYSTAC 


A NEW COMPUTER TECHNOLOGY 


solving problems hitherto unsolvable 


Dystac (Dynamic Storage Analog Computer) synthesizes the 
advantages of both analog and digital computers. Dystac com- 
bines the analog’s speed, lower cost, ease of programming, and 
improved output data presentation with the digital computer’s 
unique capacity for data storage and time sharing of computer 
elements. With Dystac you can now solve the most complex 
problems, ranging from distillation column design to multi- 
dimensional heat transfer...from boundary value problems to 
transport lags. 


In distillation column design, for example, Dystac employs 
only 44 amplifiers on a four-component problem; the number of 
amplifiers required is independent of the number of plates. With 
any other analog computer each plate must be reproduced in the 
circuitry—for a 30-plate column, over 1200 amplifiers are needed 
unless manual reprogramming is employed. What’s more, only 


Dystac yields a plate-by-plate display of all column conditions. 

In heat transfer studies, Dystac will speedily and accurately 
solve hitherto unsolvable partial differential equations. It also 
makes practical for the first time instantaneous solutions to such 
trial-and-error problems as automatic optimization, automatic 
correlations, data fitting, probability distribution, Fourier analy- 
sis, convolution and superposition integrals and eigenvalue. 

When you buy a CSI computer with Dystac you are buying 
more than the finest general purpose analog computer. You buy 
additional capacity as well as capability. For when Dystac ele- 
ments are not in use as memory devices they are available to the 
computer as operational amplifiers. Planning to interconnect 
digital and analog computers? Dystac is the answer. 

See DystTAc in operation at our plant. If you can’t attend a 
demonstration write, phone or wire for full information. 


——_ CoM PUTER SYSTEMS, INC., Culver Road, Monmouth Junction, N. J., DAvis 9-2351 


A Schlumberger Subsidiary e 
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formerly Mid-Century Instrumatic Corp. 
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another new Westinghouse 
AIR CIRCUITRY Component 


Hand operated 


Foot operated 


Air pilot operated 


Cam roller operated 


Cam dog operated 





Type “A” PILOTAIR® Valve 


Don’t let the size of these little poppet-type direc- 
tional valves fool you. 

They can open, close or vent an air circuit as 
quickly, efficiently and dependably as models twice 
their size. 

For despite their compactness (actual dimen- 
sions are 144” x 244” x 2%46”—and they weigh less 
than 16 oz.), the short travel action of poppet valve 
construction produces fast response for full valve 
capacity. 

Type “A” PiLotairR Valves are enclosed in a 
solid, die cast aluminum block for ease of installa- 
tion and ruggedness. They are designed for lever, 
mechanical or air operation. Maximum inlet pres- 
sure is 250 psi. Maximum operating temperature is 
minus 40°F to plus 200°F. Pipe taps are 4” N.P.T. 


AIR CIRCUITRY — FOR TROUBLE-FREE AUTOMATION 


Air Circuitry is the application of pneumatic con- 
trol systems to industrial production operations. 

Air circuits are safe, economical and precise and 
are used to solve the most rigorous and complex 
control problems in industry. 

Our engineers, backed by 90 years of experience, 
can help you boost production and cut costs in 
your plant. 


AIR CIRCUITRY means trouble-free automation 
For more information, ask for Catalog A4-74:00 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 
or refer to Sweet's Catalog, Product Design File. 





WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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NEW PRODUCTS 


A proper driving source would then 
be required. An interchangeable elec- 
tric stylus is available for electric 
writing. Cost is from $175 in single 
quantities. 

Characteristics: 
Coil resistance: 16 ohms de 
Current sensitivity: 28 ma/mm 
Linearity: to within 2 percent FS 
Natural frequency: 45 cps 
Weight: 14 Ib 
Size: lv x 24 x 54 in. 
—Massa Div., Cohu Electronics, Inc., 
Hingham, Mass. 


Circle No. 352 on reply card 


PLUS... 


New materials currently available in- 
clude . . . (353) A high density poly- 
thylene compound for wire and cable 
that has toughness, abrasion resist- 
ance, better heat deflection and is now 
available from Union Carbide Plas- 
tics Co., New York, N. Y. . . . (354) 
Cunife, a copper-nickel-iron perma- 
nent magnet alloy with high coercive 
force and energy product values along 
with good ductility, malleability, and 
machinabality made by Hoskins Mfg. 
Co., Detroit, Mich. ... and... (355) 
Various combinations of Phenolite 
laminated plastic or vulcanized fiber 
bonded to other materials that have 
been announced by National Vulcan- 
ized Fibre Co., Wilmington, Del. 
Circle No. 353, 354, 
or 355 on reply card 


SYSTEMS 


READS HARD COPY 


The NCR 390 is a business computer 
that enables firms to retain “hard 
copv” records which can be read by 
eve but also achieves the efficiencies 
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Up-to-the-minute news about transistors 





NEW DAP TRANSISTORS 
SWITCH 5 TIMES FASTER 





FALL TIME VERSUS BASE-TO-EMITTER TURN OFF VOLTAGE 
COLLECTOR CURRENT I, CONSTANT AT 5 AMPERES 
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BENDIX -_ TRANSISTOR 
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COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS FOR 2N1073, A, B 
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ABSOLUTE MAXIMUM RATINGS 





TYPE Vce Vcb Veb Ic Pc 


T Storage 
NUMBERS Vde Vde Vdc Adc w °C 








2N1073 — 40 — 40 10 10 35 
2N1073A — 80 — 80 
2N1073B —120 —120 


—60 to +100 











ideal for such applications as: ULTRASONICS * HORIZONTAL OUTPUT 
AMPLIFIERS FOR TV OR CATHODE RAY TUBES « POWER CONVERTERS 
HIGH CURRENT AC SWITCHING e CORE DRIVERS e HI-FI 
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Higher breakdown 
than ordinary 


transistors also a 
DAP feature. 


Now design engineers are freed 
from many of the limitations im- 
posed by ordinary germanium 
alloy transistors. Bendix* ger- 
manium PNP Diffused-Alloy- 
Power DAP* transistors can 
switch up to 10 amperes with 
typical speeds of a microsecond. 

While maintaining high 
collector-to-emitter breakdown 
voltage—up to 120 volts—the new 
transistors provide lower input 
resistance, controlled current gain, 
and higher cut-off frequency. Par- 
ticularly suited to high current, 
high frequency switching, the 
DAP transistor’s exclusive fea- 
tures will suggest to the design 
engineer many new applications 
which, until now, have not been 
feasible. 

NEW BENDIX SEMICONDUCTOR 
CATALOG on our complete line of 
power transistors, power rectifiers 
and driver transistors available on 
request. 

ndix offers many challenging 
opportunities in semiconductor 
engineering and sales. Write 
Personnel Manager for full details. 
REG. U.S. PAT. OFF. 

SEMICONDUCTOR PRODUCTS 


Red Bank Division 


LONG BRANCH, N. J. 


W est Coast Sales Office: 
117 E. Providencia Avenue, Burbank, California 


Midwest Sales Office 
2N565 York Road, Elmhurst, Minois 
New England Scles Office: 
4 Lloyd Road, Tewksbury, Massachusetts 
Export Soles Office: Bendix International Division , 
205 E. 42nd Street, New York 17, New York 


Canadian Affiliate: Computing Devices of Canada, Ltd., 
P. O. Box 508, Ottawa 4, Ontario, Coneda 
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Who needs feedback? the 


patented chronometric governor of this | 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within + 0.1% while 
driving charts, cams, contacts, actuators 


or other devices. It holds the rate even | 
if output shaft load, line voltage, or. 


ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un- 
der special conditions. The A. W. Haydon 
Co. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is os for the asking. 
(On 5800 Series ,, chronometri- 
cally governed DG Motors) 


» 5800 Series 
DC Motor with 
chronometric 
governor 


AYDON 


COMPANY 


246 North Elm Street, Waterbury 20, Connecticut 
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| wew propucrs 


of electronic data processing. The 
machine gets its input from four ver- 
tical magnetic strips on the back of 
regular ledger cards. With a 200- 
word magnetic core memory, ability to 
accept four types of input ‘(magnetic 
cards, punched cards, punched tape, 
and keyboard), and 400 character per 
sec tape reader, the computer sells for 
about $75,000, leases for $1,850 a 
month.—National Cash Register Co., 
Dayton, Ohio. 


Circle No. 356 on reply card 


MEASURES 75 


Up to 75 iron-constantan thermocou- 
ple inputs can be measured and re- 
corded with this new temperature 
data recording system. A digital out- 
put is automatically presented on an 
electric typewriter. System consists 
of an input scanner (rate: 3 sec per 
point), self-balancing potentiometers, 
shaft encoders, encoder selector, con- 
trol chassis, programmer, digital clock, 
and typewriter. System error is said 
to be + 1 deg F in two low ranges 
and + 5 deg F in another.—Datex 
Corp., Monrovia, Calif. 

Circle No. 357 on reply card 


IT’S ON WHEELS 


Housed in a special trailer, the Kyber- 
netes 2000 data processing system can 
be transported to sites of new proc- 
essing plants to check initial perform- 
ance; the transportable version of 
the data logger has been designed 
for a _ petroleum company. The 
trailer contains its own power sup- 
plies. In addition to logging flows, 
levels, temperatures, pressures, and 
other functions, the 100-point system 
will scan all points for special condi- 
tions.—Hagan Chemicals & Controls, 
Inc., Pittsburgh, Pa. 

Circle No. 358 on reply card 
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® 


recorders prove what every 


engineer knows ... SIMPLICITY MEANS RELIABILITY 


What simpler and more reliable actuating device can 
you employ in an amperage-voltage-frequency record- 
ing instrument than a d’Arsonval galvanometer . . . a 
trouble-free horseshoe magnet and a coil of wire? The 
same is true of the exclusive “recti/rite”’® system : . . 
a simple, shock resistant trigonometric linkage that 
straightens the arc described by the galvanometer 
metering arm, changing curvilinear motion to recti- 
linear motion. 

All the other “recti/riter” recorder features which 
contribute to this instrument’s multi-industry accept- 
ance and hardworking reliability are equally simple: 
The optional a-c or d-c drives couple directly with 
chart speed change gears to allow ten chart speeds; 
all routine*operations and adjustments are performed 
“up front”; the non-corrosive, honed metal alloy pens, 
closed ink system, and large capacity ink well give 
you long, consistent writing performance. 


° TEXAS INSTRUMENTS 
INCORPORATED 


GEOSCIENCES & INSTRUMENTATION DIVISION 
3609 BUFFALO SPEEDWAY *® HOUSTON 6, TEXAS © CABLE: TEXINS 


With all their simplicity and reliability, “recti/riter” 
recorders are offered in extremely wide and useful 
Basic Recorder Ranges (Dual channel recorders offer 
combination of any two ranges): 


Two Cycle Pen Response 

D-c Milliampere Ranges ¥% ma to 100 ma 

A-c Ampere Ranges 0.25 Ato25A 

D-c Ampere Range ..100 mv for use with standard shunts 

Expanded Scale A-c Voltage Ranges 80-130 V, 

160-260 V, 320-520 V 
10 V to 1000 V 
50, 60, 400 cps 


A-c and D-c Voltage Ranges 
Frequency Ranges 

Five Cycle Pen Response 
D-c Milliampere Range . : 5 ma 
Ask the TI engineer about customized recorders for 
your OEM applications. Don’t settle for any re- 
corder until you know all the facts on the complete 
“recti/riter” recorder line. 


The proved “recti/riter” 
recorder is a companion to 
the new “servo/riter”* 
recorder. 


*"servo/riter” is a trademark 
of Texas Instruments 
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AUTOMATIC 
PULSE TIMER 


COUNT SELECTOR 
PINION 


STEPPER 


COUNT 
SELECTOR 


DIAL INPUT 
PINION 


CAM FOLLOWER 
Ls-2 
COUNT SELECTOR 
GEAR 
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INDICATOR _ 
LAMP [A] GROUND -28V. OC 


[ POWER +28V DC 
lt) = 


C} EXTERNAL START 
OPERATION KNOB I; 
STOP & RESET—*START 


0} EXTERNAL RESET 
CSTART, STOP, & RESET) 





























(E) PULSE INPUT 


AN3I02E-14S-5P 
CONNECTOR 


This Automatic Pulse Timer mounts in a 

standard 3%” mounting. The initial usage Model K-165 

of the Automatic Pulse Timer was for a difficult instrumentation prob- 
lem encountered on test aircraft—timing the pulses from a fuel flow 
transducer and thus determining specific fuel consumption. It success- 
fully replaced a complex and unreliable method. 

The Automatic Pulse Timer incorporates an uni-directional Stepper 
Motor along with complimentary gears, cams, solenoids, switches, an 
indicator light and—for an accurate independent time base—a stop 
watch. It is designed to visually record the lapsed time of an occurance 
of a specific number of electrical impulses. The Pulse Timer can count 
pre-selected quantity of 2 to 60 pulses, having a uniform or variable 
rate up to 25 pulses per second. 

In this application the combined accuracy of the fuel flow transmitter 
and the automatic pulse timer is better than 1%, and of this the timer 
contributes essentially no error. When the broad input requirements 
are available, the unit can be used for timing pulses regardless of the 
source from which they may originate. 


DETAILED OPERATIONAL SEQUENCE IS AVAILABLE UPON REQUEST. 
STEPPER MOTORS corporation 
Subsidiary of California Eastern Aviation, Iric. 


7442 West Wilson Avenue °¢ Chicago 31, Illinois 
@ WEST COAST . . . 16226 SOUTH BROADWAY, GARDENA, CALIFORNIA 
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BULLETINS AND 
CATALOGS 


(400) “SPACE FACTS”. Missile & Space 
Vehicle Dept., General Electric Co. Bul- 
letin PIBD-3, 60 pp. Containing some 14 
tables and 44 illustrations, this handy 
booklet provides a wealth of historical facts 
and information on the environment of 
space, flights into space, physics of space 
flight, navigation and guidance, communi 
cations in space, and bioastronautics and 
human factors. 

(401) ADSORPTION EQUIPMENT. 
Gas Drying Inc. Standard Booklet, 24 pp. 
Designed for anyone specifying, purchas- 
ing, or using solid adsorbent-type instru- 
ment air dryers, this new bulletin reviews 
all of the NEMA standards pertaining to 
adsorption equipment 

402) GAS FLOW COMPUTER. Min- 
neapolis-Honeywell Regulator Co. Instru- 
mentation Data Sheet 7.08, 4 pp. Details 
the operation and application of a new 
analog computer that automatically and 
continuously measures and records mass 
flow on an ElectroniK recorder. Diagrams 
illustrate instrumentation for a single meter 
run, multiple meter runs, and for tele 
metering systems. 

(403) TIME DELAY RELAYS. Marstan 
Electronics Corp. Bulletin 359, 4 pp. 
Illustrates and describes one of the com- 
pany’s latest lines of low cost, solid state 
time delay relays for commercial, indus 
trial, and military applications 

(404) SIGNAL CONVERTER. Brooks 
Rotameter Co. Bulletin DS-850, 2 pp. 
Describes the Model 850 pneumatic sig- 
nal converter, a position balance trans- 
ducer used for square root extraction or 
other types of signal conversion. Lists 
overall performance specifications as .weil 
as details on the unit’s output relay. 

(405) ‘TEST STATION. Consolidated 
Avionics Corp. Bulletin, 8 pp. Tells how 
a new universal test station for testing a 
variety of electronic products can be used 
to increase profit and improve quality con- 
trol. Photo and simplified block diagram 
illustrate the major components and op 
eration of the unit. 

(406) MISSILE POWER. Vickers, Inc. 
Bulletin A-5239, 11 pp. Discusses the de 
velopment of complete and separate power 
generating systems leading up to the com- 
pany’s present line of packaged flight vehi 
cle power systems. Four basic types of 
systems for missile applications are de 
scribed: the hot gas motor, hot gas servo, 
silver-zinc battery, and flywheel. 

(407) FOR AIRCRAFT AND MIS 
SILES. The AiResearch Mfg. Div., The 
Garrett Corp. General Catalog. Covers 
over 2,500 components for the control of 
gas or liquid, at temperatures from minus 
320 to plus 1500 deg. F and pressures up 
to 3,500 psi. Major items available for 
aircraft, missile, or process industry appli 
cations include: fuel control systems, pneu 
matic and electrical valves, actuators, air 
motors, and thermostats 

408) VERSATILE PICKUPS. Eastman 
Kodak Co. Bulletin, 4 pp. Illustrates and 
describes characteristics of Kodak’s Ektron 
detectors, a line of photoconductor trans 
ducers which change in resistance when 
subjected to change in irradiance. Bro 
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$03 VN REAVER SEAVINE LARD 


FOR HEAVY-DUTY PERFORMANCE AT PRESSURES TO 5,000 PSI... 


Only one hydraulic pump offers 
these 4 benefits... AE Hydramite’ 





1. Tapered roller bearings. Two high-capacity, heavy-duty tapered 
roller bearings support the eccentric cam shaft. This means that a 
Hydramite can take more punishment ... handle heavier unbalanced 
loads...and last longer. The pump casing is ported so that the 
pumping action of tapered bearings will provide better lubrication. 





curved slippers distribute the load like this instead of a high stress concentration like this — 











3. Curved Slipper distributes thrust load of its plunger and reduces 
unit stress to the point where maintenance is never required at what 
is a critical wear spot in most hydraulic pumps. Also, curved slippers 
riding on the outer race of the cam shaft roller bearing minimize 
scrubbing action between these parts. 


2. Positive pumping action. No cam follower springs to fail. Each 
plunger connects to a curved slipper (A) through a knuckle 
joint (B). [In succession, plungers are pushed out by the cam 
shaft roller bearing (C) and pulled back by return rings (D) which 
hold each slipper snugly against outer race of the cam bearing 


EFFICIENCY PERCENT 


% 
4. High efficiency. With a Hydramite you get an overall efficiency of 
85%. Shown above is typical 10 gpm pump curve. Its flat overall high 
efficiency has little variation between 1,500 and 5,000 psi. What's 
more, with a Hydramite you get positive suction. There is no need 
for supercharging equipment which reduces system efficiency. 


To meet your specific requirements, Hydramite pumps can be 


supplied for constant displacement from 3 to 25 gpm at 5,000 psi 


See our four-page 


and 60 to 100 gpm at 3,000 psi for hydraulic fluids with viscosities | catalog in Sweet's 
of 150 to 300 ssu at 100° F. In special applications they have Product Design File, 


handled viscosities as low as 40 and as high as 900 ssu at 100° F. 


or write us 
for reprint 


Special materials and seals permit handling of missile fuels and (Catalog P-60). 
special fluids at higher temperatures. Available in flange, foot or 


face mounted styles. 


Write or call American Engineering Company, Dept. P-153, Phila- 


delphia 37, Pa. Phone: CUmberland 9-3800. 
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AMERICAN ENGINEERING COMPANY 


Division of United Industrial Corp. 
Hele-Shaw Pumps, Lo-Hed Hoists, AE Marine Deck Auxiliaries, 
Vibra-Grate, Perfect Spread and Taylor Stokers. 
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BEYEFUL 


Chromel-R 


Two new catalog-manuals containing complete information on 


TWO NEW HOSKINS 
S800 oHM ALLOYS 


os 


If you make potentiometers or precision wire wound 
resistors, these manuals are meant for you! They’re 
loaded with helpful technical information—show all 
physical properties and electrical characteristics, list 
bare and enameled wire specifications. And they con- 
tain much useful application data compiled especially 
to help you produce more and better control compo- 
nents with these two new performance-proved alloys: 


Chromel-R: A modified 80-20 type nickel-chromium 
alloy possessing electrical resistivity of 800 ohms per 
cmf at 20° C., low temperature coefficient controlled 
within 0 + 10 ppm per °C.—plus exceptional linearity 
and stability from —65° to +150° C. 


Alloy 815-R: A lower density, higher resistivity fe-cr-al 
material that gives you 14% more ohms per pound. 
Has good strength and ductibility, excellent resistance 
to wear and corrosion. Resistivity is 815 ohms per 
cmf at 20° C., temperature coefficient 0 + 10 ppm 
per °C. in the range from —65° to +150° C. 


Send for copies today—plus samples of both alloys! 


HOSKINS manuvuracrurinc COMPANY 


4449 Lawton Avenue - 


Detroit 8, Michigan 


In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdale P.O., Toronto, Ontario 
Producers of Custom Quality Resistance, Resistor and Thermo-Electric Allovs since 1908 
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of technical data on precision 
resistor and potentiometer wire 





Bulletins & Catalogs 


chure contains graphs which chart the spe- 
cific responsivity and detectivity of various 
types, describes basic effects in their use 
and lists the types available from stock. 
(409) FOR TEST AND TRAINING. 
Lear Inc. Catalog, 4 pp. Describes a 
variety of test tables and training devices 
for ground support applications. Included 
are position, rate, and centrifuge-type test 
equipment; Scorsby, spin, sinusoidal oscil- 
lating rate, and vibration tables. 
(410) OSCILLOGRAPH BOOKLET. 
Heiland Div., Minneapolis-Honeywell 
Regulator Co. Booklet, 36 pp. Entitled, 
“A Manual of Visicorder Applications”, 
this new booklet illustrates the versatility 
of the company’s direct-recording oscillo- 
graph. Designed as a reference guide for 
engineers and scientists, it contains 18 case 
history descriptions of how Visicorders 
have been used in widely different fields 
such as, advanced heart and lung studies, 
drone surveillance, and engine testing. 
(411) TEMPERATURE DEVICE. Ra- 
diation Electronics Co. Bulletin R-102, 2 
p. Describes and illustrates the operation 
of the Model TD-3 Thermodot Radiation 
Thermometer, a unit which remotely 
measures temperatures of moving and inac- 
cessible surfaces without contact. Also 
spells out specifications and lists standard 
temperature ranges. 
(412) COLOR MEASURING. General 
Electric Co. Bulletin GEZ-3031, 12 pp. 
Provides a detailed description of the fea- 
tures and operating principles of GE’s re- 
cording Spectrophotometer, its automatic 
Tristimulus Integrator, and other accesso- 
ries. Bulletin also contains cost saving ap- 
plication information, product specifica 
tions, and ordering information. 
(413) CONTROL VALVES. Conoflow 
Corp. Data Sheet 101. Offers concise up- 
to-date information on the company’s Se- 
ries LB control valve, including complete 
specifications, construction details, and op- 
tional accessories. 
(414) PLOTS DIGITAL DATA. Elec- 
tronic Associates Inc. Bulletin BP 6001. 
Covers EAI’s Data Plotter line of digital 
data plotting equipment and tells how it 
can be used to multiply the efficiency of 
modern digital computers by reducing 
mountains of data to clear, easy to read 
charts, graphs, or mechanical drawings. 
(415) GERMANIUM DIODES. Ohmite 
Mfg. Co. Bulletin 158 C, 6 pp. Now lists 
all of the “1N” type of germanium diodes 
produced by Ohmite as well as their Type 
“OMC” diodes. Latter are organized in 
such a way as to simplify finding a particu- 
lar unit on the basis of the number, kind, 
and various characteristics desired. 
(416) PRESSURE REGULATORS. Ma- 
rotta Valve Corp. Brochure, 12 pp. Cov- 
ers the company’s RV-23 series of pres- 
sure regulators, units designed for manual 
or electrical operation, or complete remote 
control. Schematic diagrams, flow charts, 
installation data, and auxiliary components 
are included. 
(417) CONVERTER-SCALE SYSTEMS. 
Weighing and Control Components Inc. 
Bulletin 60, 4 pp. Deals with the use of the 


company’s converter-scale systems in con 
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Bai i 
Above—Sola plate-filament transformer is built-in com- 
ponent of B & W Associates lie detector. It supplies 
plate and filament voltage regulated within +3% even 
when line voltage varies from 100 to 130 volts . 
helps assure accurate operation in field. 


Below—Railway Communications Inc. uses Sola line 
voltage regulator to improve performance and reli- 
ability of this Rycom combination transmitter-receiver. 
Regulator delivers 118 volts stabilized within +1% 
under line voltage variations as great as +15%. 
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Build it in or add it on... 
Sola voltage regulation 
helps your equipment give 
full-rated performance 


Whether you build it in as a component or add it on as 
an accessory, a Sola static-magnetic voltage regulator 
soon pays for itself by keeping your equipment operating 
at its designed capability. 

These units provide a stabilized output voltage even 
when input voltage varies over a considerable range, and 
give you eight important advantages over electronic or 
motor-driven regulators: 


1. Ultra-fast response time of 1.5 cycles or less reduces effects 
of transients. 


2. No moving or renewable parts or routine maintenance. 
Automatic, continuous regulation; no manual adjustments. 


Protection against accidental short circuits and excessive 
overloads for unit and its load. 


Versatility: Step-up, step-down, plate, plate-filament, tran- 
sistor-voltage ratios are available to permit substitution in 
place of non-regulating transformers. 

Simpie, compact design; light weight. 

High degree of isolation between input and output circuits. 
Negligible external magnetic field. 


This is the Sola Standard Sinusoidal Con- 
stant Voltage Transformer, shown in its usual 
accessory-type structure. It continuously regu- 
lates output voltage within +1% under line 
voltage variations of +15%. Because its output 

is essentially a commercial sine wave (less than 3% 
total rms harmonic content at any load above 25% of 
rating), it is ideal for exacting laboratory applications 
and instrument calibration, and with equipment sensitive 
to wave shape . . . designed d-c voltage levels in the load 
are not affected. 


The entire line of sinusoidal regulators is now available 
at prices formerly charged for static-magnetic regulators 
without the patented Sola harmonic-free circuit. 


This is the Sola Normal-Harmonic Con- 

stant Voltage Transformer, shown in com- 

gq ponent-type structure, with end bells and 

A separate capacitor. It offers the same reli- 

ability and +1% regulation as Type CVS 

. (above), and is suitable for the many ap- 

plications where a commercial sine wave voltage supply 

is not required. It is widely used for voltage regulation on 
filaments, solenoids and relays. 


Because prices of these normal-harmonic units have 
been substantially reduced, voltage regulation may now 
be possible in many of your applications. 


Sola static-magnetic voltage regulators are available 
in a wide selection of mechanical structures and ratings 
in over 40 stock models, and your custom designs can be 
delivered in production quantities. 


[ S an RE Write for Bulletin 26G-CV 


SOLA ELECTRIC Co. 
4633 West 16th Street 


BP 


2 A Division of 
Cc Basic Products 
Corporation 


Chicago SO, Illinois 
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Member, 


STRUTHERS-DUNN 


Relay headquarters since 1923 


.... for high reliability 
. faster operating speeds 


. less contact bounce 
. long life 


This new Dunco answer to high reliability 
consists of one or more Dry Reed switch 
units surrounded by an operating coil. 
Each switch unit incorporates a long mov- 
ing reed operating against a short pole 
piece, hermetically sealed in glass, with an 
inert gas. 

The unusual reed switch design permits 
operating speeds up to 120 per second with 
a minimum of contact bounce. Low level 
and lower power switching is reliable for 
hundreds of millions of operations. 

The SP-ST normally-open contacts are 
rated at 15 watts and 250 volts, with one 
ampere maximum current carrying capac- 
ity. Load life at 25% of maximum ratings 
is on the order of 200 million operations. 
Operating power for each switching unit is 
approximately 100 milliwatts. 

Dunco Dry Reed Relays can be supplied 
in a variety of enclosures and assemblies 
including switch groups operated by a 
single coil to provide multipoles and 
relay clusters for printed circuit board 
mounting. 

Dunco engineers will be glad to work 
with you in adapting these versatile units 
for maximum economy and efficiency in 
your equipment. 


STRUTHERS-DUNN, INC., 
Pitman, N. J. 


National Association of Relay Manufacturers 


Sales Engineering Offices in: At 


rland 
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junction with flat-bed or trough-type con 
verter lines, fixed or variable speed, to pro- 
vide in-motion weight measurement. Pic- 
torial diagrams illustrate system operation 
and application. 

(418) INSULATED THERMOSTATS 
Chatham Controls Corp. Bulletin, 2 pp. 
Contains complete specifications on a new 
series of miniature insulated thermostats. 
Photo and brief description accompany 
each of four basic types. 

(419) FOR ICBM FACILITIES. Gil- 
more Industries, Inc. Technical bulletin 
TC-101. Entitled, “Electronic Methods 
of Weight and Thrust Measurements and 
Calibrations as Used in ICBM Facilities’, 
bulletin provides details on the six-compo 
nent force system used on the Atlas to 
measure thrust, pitch, roll, yaw, and side 
forces. Also described is the weighing sys- 
tem for measuring the empty missile, mon 
itoring propellant loading, and indicating 
take off weight. 

(420) TAPE TRANSPORTS. Industrial 
Systems Div., Minneapolis-Honeywell Reg- 
ulator Co. Bulletin 10S3170A. Provides 
complete specifications, application infor- 
mation, and design features of Honeywell’s 
Series 3170 magnetic tape transports 2, 
6, 10, or 12-speed models are covered. 
Spec sheet includes flutter curve. 

(421) ATMOSPHERE ANALYZER. Per- 
kin-Elmer Corp. Brochure, 4 pp. De- 
scribes the Model 184 B Furnace Atmos- 
phere Analyzer, a process gas chromato- 
graph for furnace and control atmosphere 
applications. Bulletin also covers the op- 
eration and installation of the instrument, 
lists specifications and sensitivity limits. 
(422) DRIVES AND ACTUATORS. 
Actuator Products Corp. Booklet, 12 pp. 
Offers detailed specifications on the firm’s 
lines of 12-speed instrument drives, gear 
drives, gear adapters, gear boxes, tachome- 
ters, actuators, and clutches. 

(423) COMPONENT CATALOG. Schae- 
vitz Engineering. Short form catalog, 4 
pp. Illustrated brochure presents the com 
pany’s principle lines of LVDT’s, RVDT’s, 
transducers, and accelerometers for use in 
measuring, indicating, recording, and con- 
trol applications. Provides application dia- 
grams, performance curves, and both me- 
chanical and electrical specifications. 

(424) POWER UNITS. General Electric 
Co. Bulletin GEA-3592L, 32 pp. Con- 
tains detailed information on the features, 
operation, and application of GE’s new 
selectively coordinated load center unit 
substations that provide continuous power 
for ac distribution systems, 300 to 3,000 
kva, 600 volts or less. Compares various 
types of load center arrangements and ex- 
plains how selective coordination can be 
provided on any of the four basic industrial 
and commercial building power distribu- 
tion circuits. 

(425) REFLUX CONTROL. Industrial 
Div., Minneapolis-Honeywell Regulator 
Co. Instrumentation Data Sheet 7.07, 4 
pp. Written for the instrument men of 
the petroleum industry, this bulletin ex- 
plains the operation and advantages of 
Honeywell’s new fractionator reflux analog 
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GD700 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Pilot operated type 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 10-150 to 400-7000 psig. 
Flows to 250 scfm. 

Low torque: 35 inch-lb. at 7000 psig. 
Panel mounting 

Bulletins R12 and R18. 


BPR SERIES 
BACK PRESSURE REGULATORS 


Models in bronze or stainless steel 

Adjustable relief ranges: From 25-500 
psig. to 2000-10,000 psig. 

Panel mounting 

Bulletin R19 


Ay 


LR SERIES LOADER REGULATORS 


Models in bronze or stainless steel 

Max. inlet: 7000 to 10,000 psig. 

Outlet range: 5-200 to 200-10,000 psig. 

Flow: 10 scfm. 

Low torque: 35 inch-lb. at 7,000 psig. 
60 inch-Ib. at 10,000 psig. 

Panel mounting 

Bulletins R11 and R17 


GD90, GD100A AND GD200A 
SERIES GAS-0-DOME REGULATORS 


Models in bronze or stainless steel 
Compensated, high-flow type 
Max. inlet and outlet: 6000 psig. 
Flows to 80,000 scfm. 
Remote control and/or 

panel mounting provisions 
Bulletin R18 


i 


LV-10 LOADER VALVE 


Made in bronze only. 
Inlet and outlet: 7000 psig. 
Flow: 10 scfm. 
Fast finger-tip control: 
30° clockwise, loads; 
30° counter-clockwise, bleeds. 
Panel mounting 
Bulletin LV-10 


GD60 AND 80 SERIES 
GAS-0-DOME REGULATORS 


Models in bronze 

(stainless steel on request) 
Inlet and outlet range: 2500 to 10,000 psig. 
Flows to 1500 scfm. 
Remote control and/or 

panel mounting provisions 
Bulletin R1OA 


VICIDR | High pressure gas controls 


Victor offers you choice of these and many other 
gas regulators for a wide variety of applications. 


All come cleaned for oxygen service; LOX cleaned when specified. Operating temperature 
ranges: —67° F. to + 250° F. (storage —80° F.) Modifications for special applications. Write 


Mfrs. of high pressure and 
large volume gas regulators; 
welding & cutting equipment; 

hardfacing rods; blasting nozzles; 
cobalt & tungsten castings; 


now for Victor High Pressure Regulator bulletins and Regulator Inquiry Form 361A. 


VicIOR EQUIPMEN] COMPANY :::::: 





straight-line and shape 
cutting machines. 





844 Folsom St., San Francisco 7 » 3821 Santa Fe Ave., Los Angeles 58 + 1145 E. 76th St., Chicago 19 
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What can you do with a 
remarkable instrument like this? 


Here’s what they’ve done with this 
remarkable READALL’® instrument 


Several weeks ago, we used the ad you 
see in the picture to ask a question and 
give some facts. We said that the READ- 
ALL readout instrument was about the 
size of a candy bar, and that it could 
display, store or transfer up to 64 differ- 
ent numbers, letters or symbols without 
using complicated conversion equipment 
and “black boxes.” 

We explained that the READALL in- 
strument was originally developed for 
data display in flight control equipment. 
We described the READALL instrument as 
an electro-mechanical, D.C. operated, 
readout device for displaying characters 
in accordance with a _ pre-determined 
binary code... a compact self-contained 
device . . . which can be applied to the 
output of digital computers, teletype re- 
ceiving equipment, telemetering systems, 
or wherever data must be displayed. And 
we wound up by asking about new appli- 
cations for our READALL instrument. 
Here are some of the answers to our 
question: 


1. A leading aircraft corporation is using 
READALL instruments in a visual inter- 
com system in patrol aircraft that’s con- 
nected with anti-submarine warfare. 

2. Another company uses READALL in- 
struments in ground checkout equipment 
for a new Air Force bomber. 


3. An oil company uses these readout 
instruments in a data reduction system 
that converts magnetic tape seismo- 
graphic data to printed digital data and 
graphic chart strips. 


4. A missile manufacturer uses READALL 
instruments in an automated ‘Missile 
Skin” milling machine. 


5. These readout devices are being ap- 
plied in nuclear reactor work for remote 
control and indication of rod position. 


6. READALL instruments are now used in 
an electric power station monitoring 
system in Philadelphia. 


7. READALL instruments are being used 
in display boards for the Air Defense 
Headquarters. 


8. Another aircraft manufacturer uses 
READALL instruments in a flight simulator. 


9. A branch of the military designed the 
READALL instruments into an airborne 
bomb-direction computer. 


10. An aircraft systems manufacturer 
uses READALL instruments for display 
and print-out of data with a computer 
in a high altitude weather reconnaissance 
project. 


We would be happy to tell you more about the READALL and its applications. 
We would be happy to hear from you about possible applications. Please write to us 


at the address below. 


‘Goneers in Push-Button Science” 


e> 
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computer, a unit designed to maintain a 
steady state heat and material balance in 
fractionators by measuring the internal re- 
flux rate and regulating the external reflux 
rate accordingly. 

(426) “TERMINALS AND PLUGS”. Na- 
tional Tel-Tronics Corp. Catalog, 36 pp. 
Features complete technical data on Na- 
tional’s line of terminal boards and strips, 
banana jacks and plugs, and other similar 
components for use on military and com- 
mercial products. Also contains charts of 
basic information on typical physical and 
electrical properties of laminates. 

(427) MORTORIZED VALVES. Schade 
Valve Mfg. Co. Catalog 407, 24 pp. 
Electric motor operators and valves for 
motor operation are the subjects of this 
well-illustrated brochure. Operator types 
covered include high speed, nonshock, 
two-position, unidirectional, _ reversible, 
proportional, and combinations of these. 
(428) FUEL CELLS. General Electric 
Co. Bulletin GED-4111, 12 pp. Booklet 
discusses basic facts about fuel cells, in- 
cluding how they work, problem areas, 
various types under development, and 
the design features of GE’s Ion-Membrane 
fuel cell. Photos, performance curves, and 
schematic diagrams illustrate the text. 
(429) TINY SEALED RELAYS. Filters 
Inc. Catalog No. 4, 22 pp. Covers a com- 
plete line of sub- and microminiature her- 
metically sealed relays. Data includes 
complete specifications and information 
on mounting styles, terminal types, and 
sockets and a short discussion on how to 
recognize and deal with dry circuits. 

(430) SUPPLIES AND REGULATORS. 
Sorensen & Co., Inc. Power supply hand- 
book and catalog, 32 pp. Covers the 
complete line of de power supplies, minia- 
ture transistorized inverters and converters, 
high voltage products, ac line voltage regu- 
lators, electrostatic generators, frequency 
changes, and accessories. Includes a 6-page 
price list insert. 

(431) CLUTCH AND BRAKE CON- 
TROLS. Warner Electric Brake and 
Clutch Co. Brochure P-75, 8 pp. Offers 
detailed descriptions of Warner's complete 
line of standard, special, and custom con- 
trols for energizing electric brakes and 
clutches. Photographs, silhouettes, and 
schematics illustrate the text. 

(432) VAPOR CHROMATOGRAPHY. 
Perkin-Elmer Corp. Brochure, 36 pp. 
Comprehensive brochure discusses the 
operation and design of the Model 154 D 
Vapor Fractometer, a new gage chromo- 
tography instrument incorporating high 
resolution Golay and highly sensitive de 
tectors. Thermistor, tungsten hot wire, 
beta ray, ionization gage, and flame ioniza- 
tion gage detector types are described. 
(433) AC POTENTIOMETERS. Verni- 
stat Div., Perkin Elmer Corp. Product 
design guide, 12 pp. Covers the design, 
operation, and application of precision ac 
potentiometers, adjustable function gen- 
erators, variable ratio transformers, and 
other special components. Line drawings 
illustrate mechanical operation, perform- 
ance characteristics, and typical circuits. 
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From the home of Planned Pimecring, 
if 


Portable Null-Balance Recorder 
with SELF CONTAINED POWER 


MOR BRBBRREE ER EE OG 


THE CENTURY . | 


For 2 channel recording 
Model 453 available at 
wodest extra cost. 


120 foot paper length — 200 hours recording 
time. 

Powered by standard “D”’ cells. 

Fully transistorized — Completely modular 
construction 

100 millivolt full scale sensitivity 

Accuracy — better than 12% full scale. 
Tested for operation in rugged environments. 
Enclosed paper take-up spool. 

Available with many accessories; 


Clee centur — Plug-in pre-amplifier for 10 mv. full scale 
sensitivity. 


——_ ELECTRONICS & INSTRUMENTS, INC. — Transducer assemblies for conversion uses. 


The Home of Planned Pioneering — Rechargeable batteries module. 
Field applications: Humidity, Temperature, 


TWX-TU 1407 Phone LUther 4-7111 
Vibration, Acceleration, etc., recording. 


P. O. Box 6216, Pine Station, Tulsa 10, Oklahoma 


Serviced by Systems Engineering Offices of Airsupply- Aero Engineering Division of the Garrett Corporation 
¢ © © Offices in All Principal Cities ¢« © ® 
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new north 
multi-contact 
multi-purpose 
connectors 


These new, compact and highly efficient plug and 
receptacle type connectors provide maximum con- 
nection concentration in a limited space. They are 
designed for electronic applications in cable-to- 
cable, cable-to-fixture, fixture-to-fixture, and are 
available in 40, 60, 80 and 100 pin sizes. 


A. prongs of fork contact Firm contact is assured by the unique torsion pres- 

8& flat pin contact sure principle in which beveled end flat blade male 
connectors seat into flat, fork shaped female 
blades placed at an angle to the male plugs— 
assuring double contact, providing minimum con- 
tact resistance. 








The new design of the mounting hardware features 
a handy locking bolt for securing the plug to the 
receptacle and a removable cover with captive screw 
for rapid wiring or inspection. The permanent cable 
clamp is adjustable to accommodate varied cable 
sizes. All connectors are available with either solder 
or taper tab terminals. 


For full details, write 


ELECTRONETICS DIVISION 


NORTH ELECTRIC COMPANY 


60-C-2 617 S. MARKET ST. GALION, OHIO 
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The System Character- 
istics of Modern 
Guidance Techniques 
Special 22-page report covers in- BUSINESS REPLY MAIL 
ertial navigators, guidance ra- First Class Permit Me. 64, (Ser. P. t. & BR.) New York, M. Y 
dars, Doppler radar techniques, 
modern techniques in celestial 
navigation, and the future of 
perceptive guidance systems. 














Reader Service Department 1 (7/60) 


CONTROL ENGINEERING 
European Electronic 
Process Controllers 330 WEST 42nd Street 


Second of three articles de- 


scribes five out of 13 European New York 36, N. Y. 
electronic process controls. 


Making Sense out of the 

Adaptive Principle 

First of comprehensive three- 

part series takes a look at the TU re ink 
basic ingredients of adaptive 


systems. 


Single Time-Shared . to Get Nore 


Drive Positions Two Axes 


Unique numerical system shares info rryy ation Abo ut 


one drive between two axes. 
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Sampling lines 4. Editorial reprints 

Following basic rules when de- 

signing and installing sampling All advertisements, new products and literature items are numbered for your convenience 
lines assures fast analyses. 


2. New product items 


NEW SUBSCRIPTION APPLICATION CARD 


ee Yes! | want my own personal copy of CONTROL ENGINEERING every 


month. Enter my subscription at once for 1 year at $5. [_] New [_] Renewal 


Get YOUR own Check here if you prefer:- [] 3 years at $10 (You save $5) 


Payment enclosed Bill me Bill company 





personal copy each month. 7 
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Complete and mail porenibeoaiian 
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this card TODAY! 
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Check here if you want publicotion sent to business address 











Please print — and fill out completely for best service 





ADVERTISEMENTS Mail Before October 1, 1960 


15 29 57 71 211 225 239 253 267 281 295 

16 30 58 72 212 226 240 254 268 282 296 

17 31 59 73 10 5 1 213 227 241 255 269 283 122—Smaller and smal 

18 32 60 74 6 200 214 228 242 256 270 284 31—High-frequency 

19 33 61 75 117 § O1 215 229 243 257 271 285 35—Two new punched tay 

20 34 62 76 90 104 118 02 216 230 244 258 272 286 139—Magneti 

21 35 63 77 ! 119 1 217 231 245 259 273 287 

22 36 64 78 } 120 2 190 2¢ 218 232 246 260 274 288 

23 37 65 79 107. 121 5 177 2 219 233 247 261 275 289 

24 38 66 80 10 122 5 06 220 234 248 262 276 290 

25 39 67 8) C 123 | 1 } 17 221 235 249 263 277 291 

26 40 68 82 110 124 ’ : 208 222 236 250 264 268 292 186—Universal recorder fe 

27 41 69 83 WW) 125 153 167 181 1 2 223 237 251 265 269 293 il aad ieminicaee malanail 

14 28 42 70 84 112. 126 10 224 238 252 266 280 294 t.diiiaiicmeeiede Teenie nit 
ad i at 

NEW PRODUCTS & BULLETINS REPRINTS 2] Reli 

309 320 331 342 353 364 375 474 485 496 507 222—In-line digita 

310 321 332 343 354 365 376 475 486 497 224—Field-tested « 

311 322 333 344 355 366 377 476 487 498 

312 323 334 345 356 367 378 477 488 499 New Products 

313 324 335 346 357 368 379 0 5 478 489 500 311—Portable dieital dat 

314 325 336 347 358 369 380 ; 479 490 501 —s -_ oe 

315 326 337 348 359 370 38) 480 491 502 7a & Crsathe : athode ri 

316 327 338 349 360 371 382 481 492 503 >15—Incrementa tape tran 

317 328 339 350 361 372 383 482 493 504 5 314—Analog-to-digita 

318 329 340 351 362 373 384 494 505 >—Compact paper t recorder 

319 330 341 352 363 374 385 1 495 506 51 6—F lush mounting recorde r 


| 7—Paper-to-magnetic tape 


Oscilk 
storage 


Reliable high-speed 
Simple but reliable re 


—-“OOCMNOWUR WH — 


Compact readout de 
183—Packaged memon 


wr 


ble 


Nome _ 





Catalogs and Bulletins 

Cc n . 

SSeS... #02—Gas flow computer dat 

pee +] Recording oscillographs ap} 
_ , a... . +14—Covers digital data plotter 

420—Tape transport design 

+25—Reflux computer applied 

42 


Accurate chromatograph, f 


3. RESEARCH, TEST, AND 
bulletins. For additional information circle number DEVELOPMENT EQUIPMENT 


Index of advertised equipment, new products, and 


; . Advertisements 
on card corresponding to number to left of item. 
ast instrument checking, 


2—Versatile servoanalyzer, p. 2 
? SYSTEMS Catalogs and Bulletins + Automatic recording analyzer 
= ; +2—Custom control systems, | 
Advertisements > Electronic test station, p. 166 +4—Primary pressure standard 
412 Spectrophotometer features, P 168 68—Clip-on milliammeter 
11—Bulk weighing system, p. 1] +17—In-motion weighing system, p. 168 1 3¢ 


14—Patchcord programming system, p. | +19—Missile test force systems, p. 170 


r 

Interference comparator 

<é l be 138—Portable two-channel recorder, | 

36—Custom-built data systems, p. 33 421—Furnace atmosphere analyzer, p. 170 + E 
Solid-state data processing, p. 62 173—Recorder wit! ilt-in 
Stream analysis techniques, p. 118 2. DATA HANDLING AND 189—Combustion analysis 
New process instruments, p. 126 216—Dissolved oxyger 
Packaged recording systems, p. 137 DISPLAY EQUIPMENT 225—Accurate aut 


144—Production data handling, p. 144 


161—Combined computer system, p. 161] Advertisements New Products 
184—Systems and components, p. 184 


asy-to-use analog computer 


COLI 


] y S 2] , cl} vet 
185—Ultrasonic sensing system, p. 185 »—Solid state counter-timer, p. 5 18—New feedback syste 
" ”_Portabl > cena. 7 19 ; re infrared 
Dual-mode pumping control, p. 19 : Portable analog computer, p. ; d Miniature infrare 
215—Thyratron speed controls, p. 153 I'wo-channel direct writer, 29 320—High-speed circuit te 


Precision tape recorders, p. 48 21—Aids tunnel diode 


New Products 5 'wo-axis data plotter, p. 58 322—Flexible timing syste1 


19 


f 22 
Automatic lab data recording, 


p ) 323—Analyzer checks mot: 
r 
Versatile business « ymputer, p. 162 Magnetic disc 


memory, p. 91 324 Tests computing re 
Temperature recording system, p. | tatistical calculator, p. $ 325—More accurate 


Transportable data logger recorder features 


+ 


nati 


Catalogs and Bulletins 


Basic at 


round sup} 





FIRST CLASS 4. PRIMARY ELEMENTS 
PERMIT No. 64 AND TRANSDUCERS 


NEW YORK, N. Y. 





Advertisements 








38 nbonded strait 





x" 
ersat pres 
ntegrating mot 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed In The United States 


\ 
I 
k 


ast Size 5 tach 


'wo ways to re al 





Rotameter design feature 
Custom-built load ce 
Resistance thert 

Pickup for liqui 

Metal temperatur 


POSTAGE WILL BE PAID BY 


McGRAW-HILL PUBLISHING CO., Inc 
CONTROL ENGINEERING 
330 WEST 42nd STREET 
NEW YORK 36, N. Y. 


Rugged probe for nuclear 
Anecroid dial indi 
Pressure pickup-tran 
Differential pressure 
Accurate vibration pi 





218—Variable reluctance sensor 
, j 


223—Rugged 
28—Platinum 


transducer types, 
thermometer 


New Products 


326—Tiny gas-damped accelerometers 


7—Aircraft tachometer-generator, | 
144 

New shock overload indicator, { 
Plug-in tachometer pa kage, p. 14¢ 


8—Flight test rate gyro, p 
379. 


144 


331—LV DT features high sensitivity, p. 14¢ 


Catalogs and Bulletins 


signal converter, p 
yconductor 
w radiation thermometer, p. 168 


Data on LVDT’s and RVDT’s, p. 17 


transducer line, 


5. RELAYS, SWITCHES, 
AND CONTROLLERS 


Advertisements 


J—5-amp controlled rectifier, | 
13—New 10-point stepping switc 
l¢ Metal enclosed 


t electronic 


switches, | 
W yntroller ' 
ompa trouer, 
Industrial plug-in timer, | 
I'emperature controller line, 

I , 
Tiny resonant reed relay, p 
lransistorized controllers, | 
Motor speed controls, p 
Dependable k 


Vector 


yw-cost relays, I 
troller operation, p 
Electronic counter display, p. 
Magnetic amplifier relay, p. 188 
19] 
I'wo-position pressure controls, 
I F 
Low 
List of relay types available, p 
Pencil-programmed controHer, 
210—Reliable mercury 
213—Critical application relays, p. 149 
219 197 
226—Dial head time delay relay, p. 201 
227 New 


230—Spdt 


Rotary stepping switch, p 


ost recycling control, p 


relays, p. 210 


Multipurpose counter, p 


switch terminals available, p 


mercury switch, p. 203 


New Products 


2 6pdt relay, p. 14¢ 
Wide-band pneumatic relays, p 


Subminiature 
149 
Hermetically sealed reed relay, p. 149 
149 


Epoxy potted limit switches, p 


Catalogs and Bulletins 
3—Low-cost time delay relays, p. 16¢ 
18—Small insulated thermostats, p. 170 
2 line, p. 172 
3 ontrols, p. 172 


A 


4 

4 

429—Hermetically-sealed relay 
43] } 


and brake 


6. POWER SUPPLIES 


Advertisements 


51—Regulated 5- or | 
43—Hy: power packages, p. 143 
164—Constant speed timing motor, p 

167—Hydraulic pump design features, p 
169—Solid-state voltage regulator, p. 16 
182—New electrostatic generators, p 


amp output, | 


ifa@iii 


New Products 


336—Supplies for tight packaging 
337—Highest power per cubic incl 


338—Solid-state missile supplies, p 


339—RMilitarized 28-vdc supply, p. 1 
340—Well regulated dc 
341—Supr 


supply, f 
variable from 0 to 18 


Catalogs and Bulletins 


6—Missile power packages, p. 166 
24—Load 


enter unit substations, p 
28—Facts on fuel cell operation, p. 172 
Power supplies and prices, p. 172 


ADVERTISEMENTS 


15 29 43 57 85 
16 30 44 58 86 
17 31 45 59 87 
18 32 46 60 88 
19 33 47 6) 89 
20 34 48 62 90 
21 35 49 63 91 
22 36 50 64 92 
23 37 51 65 93 
24 38 52 66 94 
25 39 53 67 95 
26 40 54 68 96 
13 27 41 55 69 97 
14 28 42 56 70 98 


NEW PRODUCTS 


309 331 342 
310 321 332 343 
311 322 333 344 
312 3 334 345 
13 324 335 346 
314 325 336 347 
315 337 348 
7 338 349 

339 350 

340 35) 

341 352 


113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 


127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 


108 
109 
110 
111 125 
112 126 


& BULLETINS 


353 364 375 
354 365 376 
355 366 377 
356 367 378 
357 368 379 
358 369 380 
359 370 381 
360 371 382 
361 372 383 
362 373 384 
363 374 385 


386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 


142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 


155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 


Mail Before October 


239 
240 
241 
242 
243 
244 


253 
254 
255 
256 
257 
258 
245 259 273 
246 260 274 
247 261 275 
248 262 276 
249 263 277 
250 264 268 
265 269 


265 
266 280 


267 
268 
269 
270 
271 
272 


REPRINTS 


474 
475 
476 
477 
478 
479 
480 
48) 
482 
483 
484 


485 
486 
487 
488 
489 
490 
491 
492 
493 
494 





496 
497 
498 
499 
500 
501 
502 








7. ACTUATORS AND 
CONTROL ELEMENTS 


Advertisements 


+3—Special control valves, p. 43 
Wide flow range 
Control features, p 53 


servovalves, p. 50 
valve 
Packaged drives and controls, p. 112 


Two-way solenoid valves, p. 155 
158 
162 


Instrument servomotor design, p 


Poppet-type directional valve, p 


Stepper motor application, p. 166 


New Products 


342—Small rugged linear actuator, p. 153 
+3—-New versatile stepping motor, p 154 
244 Tin ballisti 154 


actuators, P 


Catalogs and Bulletins 


nd actuators, p. 166 


168 


rmation, P 


ADVERTISEMENTS 


15 29 57 
16 30 58 100 
17 31 59 101 
18 32 60 
19 33 
20 34 


127 
114 128 
115 129 
102 116 130 
103 117 #13) 
104 118 132 
21 35 105 119 133 
22 36 106 12 134 
23 107 121 135 
24 3 é 108 122 136 
25 53 109 123 137 
26 ) 54 110 124 138 
27 | 3 111 125 139 
28 56 112 126 140 


NEW PRODUCTS & BULLETINS 


309 320 33) 353 364 375 
10 321 332 343 354°'365 376 
322 333 344 355 366 377 
323 334 345 356 367 378 
324 335 346 357 368 379 
325 336 347 358 369 380 
326 337 359 370 381 
327 338 360 371 382 
328 339 361 372 383 
329 340 362 373 384 
330 34) 363 374 385 


342 386 
387 
388 
389 
390 
391 
392 
393 
394 
395 
396 


NO WUA WN — 


0o@ 


Nome 


Motor om 


8. COMPONENT PARTS 


Advertisements 


6 


10 


High ter 
Digital 
-Notes on I 
Wire-wound 
Instrument 
Telemetering 
Transistor 
-Silicon 
Magneti 
Reliable 

Fast swit 
-Stock ser 
Three 
Molded 
High pow 


October 
267 
268 
269 
270 


258 
259 
260 
261 
262 
263 
264 
265 


266 


261 

282 
283 
284 
285 
286 
287 
288 
289 
290 
291 
292 
293 
294 


REPRINTS 


474 485 
75 486 
487 
488 
489 
490 
49 
492 
493 
494 


495 





Compony 





Address 





496 
497 
498 
499 
500 


£n} 
IV 


502 
503 
504 
505 


506 


1960 


295 
296 
297 
298 
299 
300 
301 
302 
303 
304 
305 
306 
307 


308 





No 


Postage Petege tome 


by If Mailed in the 
Addressee United States 








BUSINESS REPLY MAIL 


First Class Permit Ne. 64, (Ser. P. kL. & BR.) Mew York, N.Y 








Reader Service Department 2 (7/60) 


CONTROL ENGINEERING 
330 WEST 42nd Street 
New York 36, N. Y. 


For information 
on Advertisements 
and Editorial items 


4. Circle number on card that coincides with key number 
listed at bottom or adjacent to item of interest. 


2. Fill in your name, title, company, and address. 


S. Mail card immediately. 


Postage Postage Stamp 
Will be Paid Necessary 

if Mailed in the 

United States 








BUSINESS REPLY MAIL 


First Class Permit No. 64, (Ser. P. kL. & RR.) New York, N. Y 








Reader Service Department 3 (7/60) 


CONTROL ENGINEERING 
330 WEST 42nd Street 
New York 36, N. Y. 


ORDER 
EDITORIAL REPRINTS 
FROM THIS LIST 


Circle reprint numbers on 
card for single copies. Write 
Reader Service Dept. for 
multiple copies. 


See page 194 for descrip- 
tions of reprints. 
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Hungary’s Central Statistical Office 
will get that country’s first general 
purpose digital computer. ‘The ma- 
chine, a medium-sized transistorized 
URAL, is being supplied by the 
U.S.S.R. later this year. 

7 

Two optical readers that can scan 
hard copy and convert words and 
numbers into magnetic tape format 
have been purchased by Time, Inc. 
The devices, built by Farrington Mfg. 
Co., are transistorized versions of the 
hard copy reader the company built 
for the Air Force to convert 
into punched paper tape to 
type machines. Time will use ma- 
chines to read the names and ad- 
dresses of new subscribers, and convert 
that information into machine lan- 
guage on magnetic tape for further 
data processing. 
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THE ONLY 


STATISTICAL-AN 


The GPS Statistical-Analog 
Computer is without a doubt 
the most advanced in the state 
of the art, and is in 

every sense of the meaning .. . 


The basic GPS computer is a compressed 
time-scale analog computer which oper- 
ates 3000 times faster than real time. A 
solution is generated and repeated auto- 
matically at rates up to 50 times/sec. As 
many as 3000 independent runs or solu- 
tions can be statistically evaluated in a 
minute of time. 


With the GPS computer you eliminate 
the drudgery of routine analyses, the end- 
less footage of data recording, and the 
subsequent tedious data reduction. 


Because of the new design principle 
and inherent versatility, the GPS com- 


AVAILABLE 


LOG COMPUTER 


> A TRULY HIGH-SPEED, HIGH 
CONFIDENCE-LEVEL COMPUTER 
> A TREMENDOUS 
TIME AND MANPOWER SAVER* 


>» UNRIVALLED OR UNEQUALLED 
IN PERFORMANCE 


> VERSATILE IN APPLICATION 


puter provides immediate computation of 
the statistical and dynamic characteristics 
of: 

@ Missile guidance and control systems 

© Radar general 

@ Process and quality control 

®@ Flight control 


Systems in 


*An analysis of a missile miss-distance was 
conducted at the GPS COMPUTER CEN 
TER by the research laboratory of a large 
aircraft firm. Their report stated that, *'25 
times as much data (with higher confidence 
level) was collected week on the 
GPS computer as was collected and analyzed 
in 4 months time on a slow-speed computer 
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Our engineers are ready to assist you. 
For further details please write or call Dept 21 


INSTRUMENT CO., Inc. 


180 NEEDHAM STREET ~- 


NEWTON 64, MASS. 
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Do It Better With Tkermo Electric 
Thermocouple Extension 
Cables and Wires 


You can obtain Thermo Electric 
thermocouple extension wire and 
cable in the widest variety of size, 
insulation, type and calibration, for 
your application—with prompt de- 
livery of all standard materials. 


New on the stock list, is the time and 
labor saving ‘““Thermo-Cable,;’ from6 to 
56 matched pairs of I.S.A. color-coded 
thermocouple leads, individually in- 
sulated in PVC—collectively wrapped 
in “Mylar” aluminum-backed tape— 
with a tight-fitting PVC outer sheath. 
“Thermo-Cable” is practically imper- 
vious to moisture, abrasion, temper- 
ature, gasses and chemicals. Saves 
you the time, cost and effort of pulling 
individual wires through conduit. 


Individual or duplex thermocouple 
and extension wires are available in 
all standard calibrations—many in 
gages from 14 to 40—insulated with 
Polyvinyl Chloride, cotton lacquer, 
Nylon, Teflon, Fiberglass, Asbestos 


or combinations of these materials. 
Metallic overbraids of stainless steel 
and other high-temperature materials 
provide extra mechanical protection 
and shielding. 


*‘Ceramo’’, Thermo Electric’s metal- 
sheathed ceramic insulated thermo- 
couple wire is used for extra-high 
temperature and nuclear applications. 


Thermo-Electric also supplies thermo- 
couple wires to meet Mil-Spec require- 
ments, 


For information on selecting the right 
wire for your application, 


write today for Bulletin 32-W5-11 


Thermo 
Electric CO.,INC 


SADDLE BROOK, NEW JERSEY 


in Canada: THERMO ELECTRIC (Canada) LTD., Brampton, Ont; 
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WHAT’S NEW 


(Continued from page 45) 


and automatic control equipment, 
persuaded PEC stockholders not to 
sell their company to Neptune Meter 
Co., which had offered an exchange- 
in-stock deal. North Electric will ac- 
quire 90 percent of the outstanding 


shares of PEC. 


IMPORTANT MOVES 
BY KEY PEOPLE 


William T. Smither, vice-president 
and manager of the Los Angeles Div. 
of Servomechanisms, Inc., recently 
has been named general manager of 
the corporation. His new position car- 
ries the responsibility for directing the 
over-all operations of the company. 


Edward G. Schwarm is the new 
president of Applied Dynamics, Inc., 
Ann Arbor, Mich., a subsidiary of 
Bowmar Instrument Corp. He joined 
ADI last January as a vice-president 
from a position at Link Aviation Co, 


K. Russell Knoblauch has _ been 
chosen market sales manager of the 
Philadelphia-based Industrial Prod- 
ucts Group of Minneapolis-Honeywell 
Regulator Co. He’s a veteran of 36 
years with Honeywell. 


Dr. Norbert Wiener, founder of 
cybernetics, will retire at the end of 
the academic year from MIT. A one- 
time child prodigy who received his 
PhD from Harvard at the age of 18, 
he has been teaching mathematics at 
MIT since 1919. 


Harold Rapaport has been moved 
up to the position of director of the 
Advanced System Center of Interna- 
tional Telephone and ‘Telegraph 
Corp.’s U. S. Defense Group. His job 
will be to develop programs for ITT 
participation in the field. 


I. G. Orellana is the new head of 
the Measurement and Control Div. of 
Republic Steel Corp.'s Electrome- 
chanical Research Center in Cleve- 
land, Ohio. With Republic since 
1941, he started work there as a re- 
search engineer and has been project 
engineer in the Electrical Lab. 


Dr. Wolfgang W. Gaertner has 
joined CBS Laboratories, Stamford, 
Conn. as manager of electronic semi- 
conductor research and development. 
He was previously chief scientist of the 
Solid States Devices Div., Army R & 
D Lab at Ft. Monmouth. CBS Labs 
is a division of Columbia Broadcasting 
System, Inc. 
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REPUBLIC VECTOR 
CONTROLLERS 
FEATURE 2 T0 500% 
PROPORTIONAL 
BAND ADJUSTMENT 


Rockwell-Built Republic vector controllers feature 
easy proportional band adjustment from 2 to 500%, an 
adjustable reset rate from 0.1 to 50 repeats per minute 
and less than 0.05% dead band. 

This is typical of the performance of Republic’s new 
Null-Balance-Vector line of pneumatic instruments 
which includes: 


e Temperature transmitters with a 10 to 1 range 
adjustment. 


Pressure transmitters of 0.5% accuracy, 0.1% 
sensitivity. 

Differential pressure transmitters with a 20 
to 1 range adjustment. 


Relays which extract square root down to 10% 
of output span. 


Multiplying, squaring, additive, totalizing, and 
ratio relays. 

Other instruments necessary for measuring, 
controlling, and computing variables for 
combustion and process industries. 


The span (“‘K’’) of each Republic Null-Balance-Vector 
instrument can be easily varied by loosening the lock- 
screw and sliding the weighbeam assembly along the 
slot as shown in the schematic. Zero does not have to 
be reset and only a comparison reference is required. 

A common component, containing the “‘K”’ adjust- 
ment as illustrated, is the base around which each 
Republic Null-Balance-Vector instrument is built. This 
common “heart”? means that you have interchange- 
ability of parts—even among instruments performing 
different functions. Conversion and replacement parts 
can be pooled instead of stocking spare instruments for 
each control function. 

In addition, you benefit from simplified operating 
and maintenance training because the same principle of 
operation is used for all instruments. All Republic 
Vector instruments are compact, lightweight and rugged. 
The Republic Engineer in your area will be glad to 
work with you on any control or measurement applica- 
tion. Or, write for information to Republic Flow Meters 
Company, Subsidiary of Rockwell Manufacturing Com- 
pany, 2240 Diversey Parkway, Chicago 47, Illinois. In 
Canada: Republic Flow Meters Canada Ltd., Toronto. 
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NOTE: K INCREASES AS 
W INCREASES WHEN 
W=45°, K=1. 
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“ K" 


This is the common component around which each 
Republic Null-Balance-Vector pneumatic instrument is 
built. This component contains the "K"’ adjustment. 


TYPICAL REPUBLIC 
NULL-BALANCE-VECTOR INSTRUMENTS 


VDP Differential 
VC Controller t Pressure 
Transmitter 
Common Pneumatic 
Component 
The Heart of Each 
Instrument 





ELECTROSTATIC GENERATORS 
FOR INDUSTRY 


SAMES Electrostatic Generators, producing substantial amounts of output power 
at voltages up to 600 kv, are the first such generators ever designed for day-to-day 
industrial use. They’re marketed in the U.S. exclusively by Sorensen. 

Output voltage is very nearly pure d-c, marked by the almost complete absence 
of ripple or other a-c components. Voltage regulation ranges from 4% to 0.38% 
for medium stability models and from 0.1% to 0.001% for high stability models. 

You'll find these advanced high-voltage d-c sources described in the new 6-page 
SAMES brochure. A new 32-page Sorensen catalog is also available which lists 
more than 400 models of high-precision power supply equipment and gives valu- | 
able selection and application data. Write for your zopies today. Sorensen & Com- 
pany, Richards Avenue, South Norwalk, Conn. °.8 | 


- 








%* 18 models available 
* Voltages up to 600,000 volts 
* Substantially pure d-c output 
* Powers to 2.4 kw 
* Outstanding safety: 
Low output capacitance 
Low overload current 


Wide selection of Wide selection of : 
portable models — to 100 kv. floor-mounted models — to 600 kv. 








a 





CONTROLLED 
POWER 
PRODUCTS 


A SUBSIDIARY OF RAYTHEON COMPANY 


«.. THE WIDEST LINE MEANS THE WISEST CHOICE | 
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| ABSTRACTS 


High power A to D converter 


From “Magnetic Amplifier Binary- 
to-Analog Conversion”, by I. Danyl- 
chuk and D. Katz, Bell Telephone 
Labs. Communication and Elec- 
tronics (AIEE), January 1960, pp. 
909-912. 


The problem of digital to analog 
conversion occurs frequently in sys- 
tems work. Magnetic amplifiers have 
special utility in decoding digital in- 
formation: high accuracy at high gain. 
However, speed of response may be a 
limiting factor (0.025 sec with 400- 
cps input). Based on the saturable 
reactor with multiple control windings 
proportioned in a binary scale, a mag- 
netic amplifier circuit has been de- 
vised to convert a 10-digit, parallel, 
binary-coded input to an analog volt- 
age from 0 to 102.3 volts with an 
accuracy of one part in a thousand. 

The number of turns in each con- 
trol winding is weighted according to 
the significance of the binary digit 
with which it is associated. The binary 
input signal applied to each control 
winding is either 0 or 1 ma. Since the 
average gate or output current is di- 
rectly proportional to the sum of the 
control ampere-turns, the output cur- 
rent is the analog equivalent of the 
binary input. A bias is used winding 
to assure linearity. 


Master lessens error 


From “Feedback Control Increases 
the Accuracy of Machine Tools”, 
by T. Nakada. Bulletin of the Tok- 
yo Institute of Technology, Series 
B, No. 2, 1960, pp. 57-69. In 
English. 


In an ordinary screw-cutting lathe 
the function of the lead screw is not 
only to lead the cutting tool correctly 
but also to drive the carriage against 
heavy resistance. Thus lead screw 
pitch accuracy will be reduced by 
screw thread wear. Recognizing that 
feedback control can diminish the 
inherent error of the lathe guide way, 
the idea of feedback compensation of 
the pitch error of the lead screw in the 
screw-cutting lathe can also be applied. 

Besides the ordinary lead screw, 
called the drive screw, a lathe was 
built having a precision master lead 
screw which gives the correct instruc- 
tion to the input terminals of the 
feedback controller. ‘The displacement 
of the master lead scred nut ké@, is 
transmitted to the error sensing device. 
At the same time the carriage is dis- 
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New temperature controlled MICROSTACK’ meets 


-55°C to +85°C 


MILITARY REQUIREMENT 


4096 x 8 module. Unit 
can be stacked for any 


The General Ceramics MICROSTACK, one of the most 
important advances in memory core packaging, now 
operates in a temperature range of from —55°C to 
+85°C. Core characteristics remain constant. By main- 
taining temperature stability inside the MICROSTACK 
unit, General Ceramics engineers have developed a 
memory core package that is smaller, more rugged, 
requires no external cooling or heating, and meets MIL 
shock and vibration specifications. 


For additional information, please write on company 
letterhead. Address inquiries to Section CE. 


INDIANA APPLIED LOGIC DEPARTMENT 
Ze GENERAL CERAMICS 


GENERAL KEASBEY, NEW JERSEY, U.S.A. 


CORPORATION 


TECHNICAL CERAMICS, FERRITE AND MEMORY PRODUCTS 
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and components 


Complete systems available 
from fractional to intég} 


In addition to 


complete systems 
we can supply: 


re equally suitable 


: for the conversion of 
: ae xisting equipment 


“and the control of 


new equipment. 


INVESTIGATE the unique Seneca Falls MECHANICAL POWER 
AMPLIFIER. It’s a simple, power servo drive in striking contrast to 
the more complex electrical and hydraulic devices. Years of service in 
rugged applications prove its dependability, long life and negligible 
maintenance. Its excellent dynamic response permits the design of 


high sensitivity control systems. 
ie aa 


problem. 


PIONEERS IN AUTOMATION 


G@GLE 184 ON MADER GURVKE Cann 


Write Dept. C for Bulletin EE1008 and, if pos- 
sible, tell us all you can about your control 


SENECA FALLS, MACHINE CoO. 
ELECTRONICS DIV. ¢ SENECA FALLS, WN. Y. 














ABSTRACTS 


placed by ké, + 8 by the driving screw 
against heavy resistance. Here 8 is the 
disturbance corresponding to the driv- 
ing screw pitch error. The top block 
diagram shows the feedback controlled 


Driving screw 


Moster 
lead screw 


| 
2 1+(K/s) 


™ Error 
sensing 
device 





screw-cutting lathe using a controller 
transfer function K/s. In this diagram 
« is the difference between actual dis- 
placement and correct lead given by 
the master lead screw. The lower fig- 
ure shows the transformed block 
diagram from which the equation: 


=f b4+— —s\-ka=- aoe 5 
1+— + 
8 8 
can be easily derived. Thus the dis- 
turbance caused by driving-screw pitch 
error can be diminished in the finished 
work when K is large. 


Systems planning 


From “Planning Philosophy for 
Complex Systems”, by P. Water- 
man, W. Hodgson, and C. Francis, 
U. S. Naval Research Lab., Aug. 
1959. Available from Office of 
Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. 
as PB 151764, 12 pp., 50 cents. 


A general concept for the formula- 
tion of detailed design and evaluation 
criteria for complex developmental 
systems is outlined. Achievements 
necessary to develop a suitable end 
product are described. The report 
points out that any process begins 
with the need for a system and that a 
general description and an understand- 
ing of performance requirements are 
necessary to accomplish the mission. 
A group of combined functional ele- 
ments for efhcient system design are 
defined. Theoretical mechanization re- 
quirements are validated by the design, 
construction, and evaluation of an 
experimental mocel. 
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ONAG Here truly is a new dimension in automated 
——“V_- 


controls! Delavan’s new SONAC uses ultra- 


sonic energy for its “beam”. This new concept offers many advantages over available sensing 
devices. SONAC has no lamps to burn out... nothing to replace... eliminates down time. 
SONAC is unaffected by vibration, dust, industrial contamination or ambient light. SONAC will 
sense ferrous and non-ferrous metals, liquids or solids, transparent or opaque materials, yet 
requires less power than an ordinary flash- @ a Send for this complete de- 


: scriptive booklet. There's 
. 3 i : t bligation. 
light. These are a few of SONAC’s advantages. ee 


* Sonac is a trade mark of 
the Delavan Manufacturing Co. 


DELAVAN 
WEST DES <a 1OWA 
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‘ cits catalase 


Computers and © 
all that jazz 


Hello, I’m Shelley Sprague and my 
daddy said I better fill this space be- 
cause he’s afraid he’s losing his grip. 
He has been acting pretty funny. Sort 
of like you get with a Frankie Avalon 
record. Not that a square like daddy 
would know Frankie Avalon from third 
base. A Lawrence Welk man if you 
know what I mean. 

Anyway Daddy came home one night 
and said with a big grin, ‘““Guess what! 
I discovered today that Hays is in the 
computer business!’’ Big deal. Like we 
should do handstands or something. 

Dennis, my impossible brother, 
didn’t even look up from his issue of 
Mad. He just said ““Tslltph.”’ It’s some- 
thing he says deliberately to needle 
people. 

So the old boy polishes his hornrims 
very slowly which means he’s about to 
flip his lid but not for a few minutes 
yet. “I refer, Dennis, to the fact that 
the Hays Universal Recorder actually 
performs many of the functions com- 
monly associated with computers. Our 
engineers have made a detailed com- 
parison that reveals we haven’t been 
giving ourselves enough credit for the 
computer technology we're actually 
applying at Hays and this has given 
our whole organization a tremendous 
lift and is a source of considerable per- 
sonal pride to myself and, I think, 
warrants a bit more of @ reaction than 
“Tslitph’,” etc., etc., etc. ... 

So Dennis looks up from Mad with 
that Look. Like when you open the 
freezer and see a mackerel staring:at 
you. ““Comparing the Hays Universal 
Recorder with a truly sophisticated 
computer is like comparing the Queen 
Mary with a canoe,”’ said Dennis in 
that flat voice he has. And he drew 
Daddy a picture only he shouldn’t 
have drawn it on the wallpaper. 

Now Daddy is doing the glasses- 
polishing bit again. Murder! ‘“The Hays 
Universal Recorder can add and sub- 
tract ... and we've set up instruments 
to totalize algebraically . . . and Hays 
compensated flow meters utilize multi- 
plying circuits. For example our Hays 
Universal recorder will multiply Delta 
T and flow to record the BTU’s ab- 
sorbed or released in a process as well 
as any of those overgrown pinball 
machines.”’ Daddy’s voice is getting a 
little shrill now. 
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And so Dennis wants to know how 
many complete programs the Hays 
Universal Recorder is capable of and 
Daddy says huh? and Dennis gives him 
that Look—but sorrowful. 















































And then Dennis says that computer 
technology involves the principle of 
binary selection, as any idiot knows, 
and is binary circuitry used in the 
Universal Recorder? But Daddy just 
said huh? again and so Dennis drew a 
diagram explaining the principles of 
binary selection. He was just trying to 
be helpful of course but Daddy didn’t 
appreciate it. Especially since Dennis 
drew on the wallpaper again. Honest, 
it was fire in the paint locker there for 
a few minutes. Like wild! 

Finally Daddy didn’t say anything 
anymore. He just sat there. I mean it 
was sort of creepy. Just sitting there 
with this glaze on his eyeballs. 

Even Dennis looked a little scared 
and man, that’s Endsville! So he tried 
to cheer Daddy up. ‘“‘Cheer up, Daddy- 
O”’ he says, patting him on the head. 
“Actually the Hays Universal Recorder 
does perform computer functions, accu- 
rately and at low cost, adding, sub- 
tracting and multiplying with analogs 
representing process variables.. You 
bring home any bubble gum?” 

And then Mommy brought Daddy 
a martini and Daddy began to look 
almost normal again, whatever that is, 
and didn’t even say anything when I 
put on Frankie Avalon. But he still 
has that glaze on his eyeballs and he 
hasn’t discussed business with Dennis 
ever since. 


(President's Daughter) 


P.S. And I’m supposed to put in that 
Hays has a booklet about this com- 
puter jazz they’ll mail you only you 
have to tell them where you live. 


e MICHIGAN CITY, 
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NEW BOOKS 


Important Event 


AuTOMATIC Data-PROCESSING Sys- 

TEMS: PRINCIPLES AND PROCEDURES. 

Robert H. Gregory and Richard L. 

Van Hom. 720 pp. Published by 

Wadsworth Publishing Co., Inc., 

San Francisco, Calif. $11.65. 

Every so often a book comes along 
at a particularly opportune time. As 
far as this reviewer 1s concerned, this 
is the case with Automatic Data- 
Processing Systems. While several 
noteworthy books on the subject have 
already been published, the extent of 
experience and accomplishment in the 
field has only recently reached a level 
where it was possible to analyze and 
synthesize available information to 
produce this comprehensive treatment. 

The original version of the book 
was produced under an Army Ord- 
nance Corps contract to be used as a 
text in its automatic data processing 
systems career program. While the 
book is admirably suited to be a text, it 
will be of interest to management per- 
sonnel, systems analysts, and others 
concerned with the planning, develop- 
ment, and operation of data processing 
systems. As the authors suggest, the 
book may be studied in several ways, 
according to the nature of the reader’s 
interest. It is conveniently organized 
for this purpose. Each chapter con- 
tains summary and problems sections; 
and the references and supplemental 
reading sections following each chap- 
ter describe significant material. 

Topics are covered in a logical se- 
quence beginning with orientation on 
machine data processing and _ basic 
computer programming. Principles of 
programming are explained in terms of 
a hypothetical computer, and the expo- 
sition of its characteristics is carried 
out effectively for this purpose. The 
concepts of index instructions, cyclic 
operation, and loading routines are ex- 
plained clearly and at an initial stage, 
so that the student in programming 
can benefit from them early in the 
game. Additional programming tech- 
niques are discussed in a subsequent 
section which covers minimum la- 
tency, relative addressing, and various 
programming aids. One could wish 
for more analysis and discussion on 
means for obtaining simultancity, 
parallel processing, and the various 
programming aids offered by equip- 
ment suppliers, but adequate coverage 
of this would probably result in a 
book of unwieldy length. 

The sections on data processing 
equipment cover the range of devices 
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... fright in your own office! 


Fifteen minutes of your time — that’s all it’ll take to 
put on the Veeder-Root ‘“‘ DESK-TOP DEMONSTRATION” — 
an actual performance of how Veeder-Root Electronic 
Counters will improve your production records, im- 
prove your product. Let us show you how Veeder-Root 
Electronic Counters can measure quantities, lengths, 
liquids; count odd-shape objects; actuate machinery; 
measure batches. Let us show you new counting methods 
utilizing Electronic Counters to count, measure, actuate 
— rapidly, accurately, from remote locations, with com- 
plete flexibility, with minimum maintenance. 


Make sure you see the Veeder-Root ‘‘DESK-TOP 
DEMONSTRATION”. Just call your nearby Veeder-Root 
branch office or write direct. Your Veeder-Root sales 
engineer will be glad to put on the demonstration at 
your convenience. 


Veeder-Root 


ELECTRONIC CONTROLS DIVISION 
DANVERS, MASS. 


© ‘The Name that Counts” 


Hartford, Conn. ¢ New York « Chicago « Los Angeles « San Francisco « Seattle * St. Louis * Greenville, S.C. « Altoona, Pa. * Montreal « Offices and Agents in other principal cities 
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unusual potting, 


push - pull design increase stability 
of new 400-cycle magnetic amplifier relay 


If you pried the base off the can of this 
new magnetic amplifier relay (which you 
probably wouldn’t after paying good 
money for a hermetically sealed device ) 
you might be surprised. Sitting there in 
quiet intimacy would be an_ isolation 
transformer, reactor, one or two relays and 
sundry other items— all immersed in a 
transparent, slightly wiggly material, just 
like grapes in a gelatin salad. The com- 
pound is selected for its ability to soak up 
shock, vibration and thermal expansion. 
In that order, the specs for this device are 
100 g’s, 10 gto 55 cps, —55° to +100°C. 


BIAS ——DESENSE 
9 


What you can do with the Series 8300 is 
the same thing you can almost do with 
any good transistor- or meter-relay — 
except this one will work on DC inputs 
as low as 0.2 uw. and remain stable (circuit 
is push-pull) under + 10% variations in 
line voltage, frequency, and the 155° 
spread mentioned earlier. Standard 
models also have single or dual coils, a 
contact rating of 1 amp. at 28 VDC/120 
VAC, resistive, for at least 100,000 opera- 
tions, and terminals for connecting bias 
and desensing resistors. The connection 
schematic looks like this, but has the 
circular floral arrangement as pictured: 


7 


(TRANSFER 
ON + INPUT) 


(TRANSFER ON 
- INPUT) 


If you have an application that demands an even fancier version with such features as 
DPDT output contacts, higher vibration and load ratings (and less sensitivity ), built-in 
DC power supplies, reference sources, etc., we may be able to do something for you ona 
special order basis. First, however, it would probably be a good idea to see our 5 +20%- 
page Series 8300 Preliminary Bulletin — collated, stapled, 3-hole punched and unpotted. 


‘S =yH 


SIGMA 


SIGMA INSTRUMENTS, INC. 
69 Pearl St., So. Braintree 85, Mass. 


AN AFFILIATE OF THE FIBHER-PIERCE CO. (Ones 1990) 
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from basic input (paper _ tapes, 
punched cards, character recognition, 
etc.) through processing apparatus to 
printed output. Especially notewor- 
thy is the series of tables (11 in all) in 
Chapter 7 which compare features 
of 20 commercially available EDP 
systems. Comparisons are shown for 
internal storage, word content and 
indexes, secondary storage, operating 
speeds, types of instructions, magnetic 
tape features, input/output buffers 
and devices, etc. Even though the 
EDP equipment business is highly 
competitive, and several new systems 
were announced recently, the 20 sys- 
tems selected for these tables repre- 
sent for the most part currently avail- 
able, competitive hardware. 

Though the portions of the book 
already commented on are very ably 
presented, it is this reviewer’s opinion 
that the real “meat” of the book is 
contained in the latter half—particu- 
larly the sections entitled “Principles 
of Processing Systems” and “Systems 
Design”. In these sections the ideas 
and techniques of system analysis and 
design of business data processing sys- 
tems are set forth. The authors aptly 
sum up the situation as follows: “For 
several reasons, few general principles 
or rules exist for guiding a person 
in designing a data processing system: 
analysis is expensive and time con- 
suming; systems are unique to an 
environment; too little experience 
with new equipment is available to 
permit long-run conclusions; and data 
processing and  information-produc- 
tion systems are complex because they 
pervade an entire organization.” 

The final sections cover equipment 
acquisition and utilization and system 
reexamination and prospective devel- 
opments. The “feasibility study” 
should prove an invaluable guide and 
check list to company groups con- 
templating such studies. In the appli- 
cations study section the qualifications 
and_ responsibilities of supervisors, 
analysts, and programmers are enum- 
erated, and additional check lists and 
guides to equipment selection are pro- 
vided. A point which might be made, 
relating to this section, is that it is 
sometimes necessary in considering 
proposals from equipment suppliers 
not to take them at face value but to 
insure that the products of the sup- 
plier are properly evaluated even if the 
sales representative may have failed to 
do so in his proposal. 

In terms of completeness, coher- 
ence, and usefulness, Automatic Data- 
Processing Systems leaves little to be 
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How to get maximum combustion 
efficiency... measure both 
combustibles and oxygen 








Simultaneous measurement of both oxygen 
and combustibles is needed to obtain optimum 
combustion. No instrument that measures only 
one of these two interdependable factors can 
give you the full information necessary. 


Now, Bailey offers two units, each giving a con- 
tinuous and simultaneous double check on 
combustion efficiency: a permanent analyzer- 
recorder which records both factors on a single 
chart; and a new light weight, portable unit 
which indicates both factors. 


ZONE OF MAXIMUM 
COMBUSTION EFFICIENCY 


Both instruments measure: (1) excess air—re- 
gardless of the fuel or combinations of fuel 
being burned, (2) mixing efficiency of your fuel 
burning equipment by showing per cent com- 
bustibles in the flue gas. 





Both : lesi d P flici : Maximum Combustion Efficiency is secured by keeping the sum of Excess Air 
oth units are ¢ —— to increase ese Babi Loss and Unburned Gas Loss to a minimum. To do so by the direct method sim- 
in the furnace operations of the steel industry, ply measure both oxygen and combustibles in flue gas. 

on glass tanks, cement and lime kilns, ceramic 

and refractory kilns, steam boilers and also on direct and into these two efficiency provers. A Bailey engineer 
indirect-fired furnaces in the metal processing industries. will be glad to give you details or write us for product 


To prevent your money from becoming waste gas, look specifications. 


For portable use— For permanent installation 
HEAT PROVER Analyzer Oxygen-Combustibles Recorder 


The famous Cities Service 

HEAT PROVER analyzer The Bailey Oxygen-Combus- 
is now Bailey built and 4 tibles Analyzer -Recorder 
sold. Weighing only 25 i coordinates both records on 
pounds, it is a self-con- i _ one chart. These records 
tained automatic analyzer Tha Fox. “2 enable the operator to keep 
including a sampling tip F CoMe. :, fuel burning equipment per- 
and hose plus a thermo- .' 4 KeY forming continuously in the 
couple for temperature : , ee zone of maximum combus- 
measurement. be 78s. tion efficiency. Excess air 
may be reduced to the point 
where combustibles begin 
to show. 


Instrument dials are dual 
range for greater accuracy 
and sensitivity. 


instruments and controls for power and process 


BAILEY METER COMPANY 


1079 IVANHOE ROAD e CLEVELAND 10, OHIO 


in Canada—Bailey Meter Company Limited, Montreal 
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ELECTRICAL 
SYSTEMS DESIGN 


Just Published—Second Edition, Gives 
step-by-step procedures for selecting 
designs that will fulfill electrical 
power requirements; implementing 
these designs with actual equipment 
and hardware; and incorporating the 
resulting system within the physical 
dimensions of a_ building. Covers 
power, light, heat, communications, 
and signal systems in commercial, 
industrial, institutional, and residen- 
tial buildings. By Joseph F. MecPart- 
land and the Editors of Electrical 
Construction and Maintenance, 220 
pp., 200 illus., 2nd Ed., $7.75 


INFRARED RADIATION 


Just Published. Explains exactly what 
infrared radiation is and what it does 
Analyzes a typical infrared system 
and discusses the components of such 
a system, the laws of physics by 
which it operates, and the materials 
involved. Clearly describes the limi- 
tations, the problems encountered, 
and the scope and future possibilities 
of infrared applications. By Henry L. 
Hackforth, Nortronics, Div. of North- 
rop Aircraft. 280 pp., illus., $10.00 


SELF-SATURATING 
MAGNETIC AMPLIFIERS 


Just Published. Thoroughly treats 
self-saturating magnetic amplifiers, 
covering both facts on their operation 
and accurate techniques on designing 
complex magnetic amplifier circuits 
with a minimum of experimentation. 
Covers basic assumptions involving 
circuital laws; modern techniques 
for dealing with the transient be- 
havoir of self-saturating magnetic 
amplifiers; transformer theory ; mag- 
netic theory; and much more. By G. 
Lynn, T. Pula, J. Ringleman, and F. 
Timmel, all of Westinghouse. 215 pp., 
151 illus., $8.00 


PROFESSIONAL ENGINEER’S 
EXAMINATION 
QUESTIONS AND ANSWERS 


dust Published—Second Edition. Gives 
600 questions and complete answers 
to help engineers pass state license 
examinations, Covers mechanical, 
electrical, civil, and chemical engi- 
neering, and includes engineering 
economics and land surveying. Ques- 
tions now reflect latest exam trends— 
suitable for all states. Author has 
worked on New Jersey exam prepa- 
ration for 19 years. By William La- 
Londe, Jr. 615 pp., 273 illus., $7.50 


CONTROL ENGI- 
NEERING says : ““Be- 
sides its splendid up- 
dating of information 
on the commonly 
known areas of meas- 
urement and control 
hardware, the hand- 
book major 
job exposing new 
facets of instrumen- 
tation that will have 


@ powerful impact on CONTR 
the future.”’ z bie 
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PROCESS 
INSTRUMENTS 


does a 


and 


PROCESS INSTRUMENTS 
and 
CONTROLS HANDBOOK 


Here are the instrumentation tech- 
niques to help you detect, measure, 
record, and control industrial processes. 
From simple measuring instruments to 
complex mathematical techniques, you 
will find here the kind of help that is 
valuable, time-saving, and based on the 
best experience in the field. Among 
subjects covered are measurement 
standards, measurement systems, in- 
dicators and recorders, automatic con- 
trollers, timers and program controllers, 
Electric and pneumatic telemetering, 
final control elements. 

Large fold-out charts at the back of 
the book describe 104 separate tech- 
niques for chemical analysis, covering 
application, techniques, practical in- 
strumental considerations, cost, etc., 
Edited by D. M. Considine, Hughes 
Aircraft Corp. Prepared by a Staff of 
Experts. 1383 pp., 1137 illus., $19.50 
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HANDBOOK OF ELECTRONIC 
CONTROL CIRCUITS 


Comprehensive compilation of electronic cir- 
compo- 
maximum 
electronic engineers. 
included to 


cuits, each complete with values of 
nents, carefully selected to have 
usefulness to industrial 
tecent advances in the field are 


show the present state of the art of circuitry 
in such areas as alarm, audio control, com- 
puter control, machine control, magnetic am- 
plifier, nucleonic, and other circuits. By Jd. 
Markus, Electronic Consult. 350 pp., illus., 
$8.50 


DIGITAL COMPUTER PRIMER 


Gives a concise explanation of modern digi- 
tal computers, describing how they work, 
what they can do, and their important mathe- 
matical, engineering, electronic, and account- 
ing aspects. All topics discussed in non- 
specialist’s language, and the coverage of 
computer logic takes an intuitive, non-mathe- 


matical approach. By E. M. MeCormick, Head, 
’. S. Naval Ordnance 


Data Assessment Div., U. 
Lab., Corona, Calif. 205 pp., 63 illus., $7.50 








McGraw-Hill Book Co. Dept. CON-7, 327 W. 41st St. N.Y.C. 36 


McPartland—Electrical Systems De- 
sign—$7.75 
Hackforth—Infrared 
$10.00 

Lynn, et al—Self-Saturating Mag- 
netic Amplifiers—$8.00 
LaLonde—P. E. Exam. 
and Answers—$7.50 
Considine—Process Instru. and Con- 
trols Handbook—$19.50 
Markus—Hdbk. of Electronic Con- 
trol Circuits—$8.50 
McCormick—Digital Comp. Primer 
—$7.50 
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Questions 





Send me book(s) checked at left for 10 days’ 
examination on approval. In 10 days I will 
remit for book(s) I keep, plus few cents for 
delivery costs, and return unwanted book(s) 
postpaid. (We pay delivery costs if you remit 
with this coupon—same return privilege.) 


Name... 
Address 
City 
Company 


Position 


For price and terms outside U.S. 
write McGraw-Hill Intl., N.Y.C. 
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desired. Perhaps special interest 
groups might miss the absence of ex- 
tended discussion on analog devices, 
simulation, and special purpose equip- 
ment. Or perhaps more could have 
been included on methods for evaluat- 
ing the effectiveness of an- 
alysts and programmers. But consid- 
ering the very real accomplishment 
which the book represents in its pres- 
ent form, we can undoubtedly look 
forward to a succession of enlarged, 
even more useful, future editions. 
James Gibbons 
Price Waterhouse & Co. 


system 


Computer Primer 


ELectrronic Computers. T. E. 
Ivall. 167 pp. Published by Philo 
sophical Library, 15 E. 40th Street, 
New York, N. Y. $10. 


This is the second edition of a 
British book intended as a nonmath 
ematical introduction to the princi- 
ples and applications of electronix 
computers. It is designed to appeal 
primarily to engineers and technicians 
with only a rudimentary background 
in electronics; however, in this review- 
er’s opinion the book should find wide 
acceptance among technically-oriented 
laymen, ranging from bright high 
school students to interested business 
executives. 

The opening chapters are historical 
and introductory in nature. The first 
covers very adequately in a brief space 
the evolution of computers from Pas- 
cal’s calculator to modern digital and 
analog devices. The second explains 
in simple terms how both types of 
computers actually do their computa- 
tions, with details being reserved for 
later chapters. The next four chap- 
ters are devoted to analog computer 
circuits, equipment, and applications. 
Although these chapters are primarily 
qualitative in their treatment, they do 
cover several interesting subjects not 
normally found in “popular” writing: 
auto correlation computers, analog 
computers in process control, and sta- 
tistical quality control computers. 

Six chapters dealing with digital 
computers appear next. Basic circuits, 
storage devices, programming, and ap- 
plications are discussed in general 
terms but with sufficient detail to 
make the information readily under- 
standable. Mathematics, business, lan- 
guage translation, and biophysics are 
some of the areas the author selected 
for examples of digital computer appli- 
cations. They make highly interesting 
reading. The last two chapters are 
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To the Engineer 
looking for a small-scale switch to do a large-scale job 


If you have to perform complex switching 
maneuvers, fast, and in small space, you'll 
go for AE’s Type 44 Rotary Stepping Switch. 


This mere handful of rugged switching 
accommodates up to six bank levels, with 10 
points plus home—will do the work normally 
assigned to whole banks of relays. 


The miniature Type 44, and its big brother, 
Type 45, are the only stepping switches with a 
positive-action, free-floating pawl. This unique 
design eliminates armature-stop and pawl-stop 
readjustment — prevents pawl wear-and-tear, 





breakage, and binding. The pawl locking teeth 
position the rotor automatically, making 
overthrow impossible. 

Incidentally, AE engineers are artists at 
composing simple circuits to do complex 
things — and AE can supply assembled and 
prewired control packages to your specs. 
Either way, we can help you cut costs. 

For answers to your automatic control 
problems, write the Director, Control Equip- 
ment Sales, Automatic Electric, Northlake, 
Illinois. Also ask for Circular 1698-H on 
Rotary Stepping Switches. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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316 


STAINLESS 
STEEL 


Welded Bourdon Tube and 
Pressure Connection 
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85525052) 
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ADDITION 


MERCOID 


PRESSURE 
CONTROLS 


Series D-41, 243, 541 


316 stainless steel welded 
Bourdon tube. %” (316) stainless 
steel pressure connection. Nickel 
plated mechanism. Outside ad- 
justments. Calibrated dial. Her- 
— sealed mercury con- 
act. 


Operating ranges: 30” vac.-75 
psig; 10-100 psig; 30-400 psig; 75- 
800 psig. and 100-1000 psig.— with 
varying differentials and electri- 
cal capacity to meet your appli- 
cation. 


Three case styles: General Pur- 
pose NEMA 1; Weather-Proof 
NEMA 1A, 2, 3, 4; Explosion- 
Proof Class 1 Group C, & D; 
ey 2 Group E, F, G, NEMA 7, 
9A, 


WRITE FOR BULLETIN 019 


THE MERCOID CORPORATION 
4211 Belmont Ave., Chicago 41, Ill. 
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concerned with recent developments 
and their influence on the design of 
computers of the future. Here the 
author considers such varied topics as 
cryotrons, molecular electronics, high 
speed xerography, adaptive control, 


and “‘intelligent” machines in the light 


of new and improved computers to 
appear in the future. 

All in all, this book is highly recom- 
mended as an engineer’s introduction 
to computers, as a gift to a promising 
young engineer or mathematician, or 
just as a semitechnical book giving the 
British side of the computer field. 

Leslie R. Axelrod 
The Powers Regulator Co. 


German Patents 


PATENTDOKUMENTATION REGEL- 

UNGSTECHNIK ORDNUNGSSYSTEME 

(Classification Systems for Control 

Engineering Patent Documenta- 

tion). 98 pp. Published by VDI- 

VERLAG GmbH (22a) Dussel- 

dorf 10, Germany. 16.80 DM 

(about $4.25). 

This book furnishes a guide for the 
tracing of German patents on control 
In the German Patent 
Office all disclosures in the field of 
automatic control are not classified 
under one heading, but distributed 
among numerous classes in accordance 
with the field of application. The 
book lists and describes all such head- 
ings. In addition, the proposed inter- 


national classifications are reviewed. | 


Tube Study 

ELectron Tuse Lire Factors. 

Craig Walsh and T. C. Tsao. 173 

pp. Published by Engineering Pub- 

lishers, P.O. Box 2, Elizabeth, N. J. 

$9.50. 

This book documents the changes 
in the properties of electron tubes for 
periods of time up to 5,000 hr under 
various environmental conditions. A 
series of charts and tables are given 
containing the information digested 
from the data of more than six million 
electrical measurements. The tubes 
tested included 11 JAN-type minia- 
ture tubes and one commercial com- 
puter tube (type 5963). The proper- 
ties measured include tranconductance, 
power output, operation current, 
heater current, heater-cathode leakage, 
grid current, grid emission, interface 
resistance, and interelectrode insula- 
tion. Where it is appropriate, the 
results are given for both the test con- 
ditions and for MIL standard condi- 
tions. The percentages of failure at 
various times are also given. 
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DISSOLVED 
OXYGEN 
ANALYZER 


sensitive to flow rate over 
de range of flows 


aries required 
ghly sensitive in ppb region 


“The Model OA-1 Oxygen 
Analyzer consists of a mixed 
bed ion exchanger, a column 
of pure Thallium turnings and 
a pair of matched conductivity 
cells, all housed in a stainless 
steel chamber. The increase in 
conductivity of the sample on 
passage through the Thallium 
bed is directly related to the 
dissolved oxygen contentof the 
water. Each ppb oxygen adds 
close to 0.035 micromhos/cm 
to the water conductivity at 
25°C. 

The Model OA-1 Analyzer and 
any one of several types of 
Solu Bridge or conductivity re- 
corder provides a complete 
package for the measurement 
of dissolved oxygen content of 
boiler feedwater, etc. Models 
are available for service from 
high vacuum to 100 psi (Model 
OA-1) and 2500 psi (Model OA-2). 


FOR FURTHER 
INFORMATION 
WRITE 


Industrial 


Industrial 
Instruments inc. 


89 Commerce Road. Cedar Grove. Essex County. WN. J 


Instruments 
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MICRO-DIFFERENTIAL 


PRESSURE METER 
Lite 


Now you can measure diff ~ential 
pressures from +0.0003" H.O to 
+100" H,O with a single sensitive 
and economical pressure meter. 
Differential pressure can be read 
directly from the new Decker Model 
306-2 Meter, or the 10 Vdc full 
scale analog output can be fed to 
external displays, recorders, or con- 
trol devices. 

The entire range of pressures is 
covered with just six interchangeable 
Series 306 Sensors. Each contains 


a precision, corrosion-proof two 
chamber capsule. Any diaphragm 
motion is sensed by a capacitance 
pick-up that exerts negligible co- 
ercive force on the diaphragm. 
Minute capacitance changes are 
converted by the T-42* Ionization 
Transducer to large analog output 
voltages indicating direction as well 
as magnitude. The instrument is 
capable of 0.05% resolution. 


Given a suitable vacuum refer- 
ence level, you can use the 306-2 to 


eo ee ay 


*A NEW INSTRUMENT BASED ON 
THE PATENTED DECKER T-42 
IONIZATION TRANSDUCER 


take vacuum measurements down 
to 2 microns. Equipped with a pitot 
static tube or orifice, the unit will 
measure gas flow velocities as low as 
9 in./sec. And the 306-2 has proved 
itself ideal for measuring small phys- 
pressures, as in digital 
plethysmography. 


iological 


Complete details on the meter are 
in Data Sheet 306-2. The Sensors 
are covered in Data Sheet Series 
306. Write The Decker Corporation, 
Bala Cynwyd, Pennsylvania. 


THE DECKER CORPORATION Bale Cynwyd, Pennsylvania 
Re 


JULY 1960 
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NEW DAVEN 
TRANSISTORIZED 
CONVERTERS 
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DYNAMOTORS! 


e@ Virtually no maintenance 
@ Half the dynamotor’s weight 
e@ No brush replacement 
e DC to DC and DC to AC models 


Write today for complete information 


He DAVENCe. 


LIVINGSTON, NEW JERSEY 





Today, More Than Ever, The Daven (©) Stands For Dependability 
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This equation relates operational amplifier accuracy to the error 
contribution in each of 2 coefficient resistors. It occurs on page 5 
of our technical manual “Networks for Computers”. 


We manufacture resistors and networks that maintain total 
AE, accuracy of + 0.005% when required. This performance 
includes the effects of: 


Initial Tolerance Temperature Retrace Offset 
Long-term Aging Voltage Retrace Offset 
Wide Temperature Changes Humidity Retrace Offset 
Self-heating Mechanical Stresses 


Ordinary “precision” resistors cannot even 
approach such performance . . . frequently are rated 
in terms of initial accuracy only. That is why 

the largest computer manufacturers 

purchase all critical resistors and networks 

from us. Prices are surprisingly moderate. 


oe 
Free to computer design engineers ( Ry 
—_— 


JULIE RESEARCH LABORATORIES, INC. 


556 West 168th Street, New York 32, New York LO. 8-8700 
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WHAT'S AVAILABLE 
IN REPRINTS 


The following reprints have 
been prepared to make impor- 
tant reference-type editorial ma- 
terial available to CONTROL 
ENGINEERING teaders_ in 
convenient filable form. Single 
copies of any reprint can be ob- 
tained at the nominal cost listed 
below by circling the corres- 
ponding numbers on a reader 
service card, p. 175. Don’t send 
money with card, we will bill 


you later. For multiple copies 
write Reader Service Dept. 
Quantity rates will be quoted on 
request. 


503—How to Determine Stream Analyzer 
Dynamics, 8 pp. This package of two arti- 
cles shows how analyzers can ‘introduce 
dynamic errors, how to determine analyzer 
dynamics, and how to improve perform 
ance. The instrument used is a differential 
refractometer but techniques can be extra 
polated to other types of analyzers. 40 
cents. 

502—Survey of Dynamic Display Tech-, 
niques, 20 pp. The function of these 
newly developed techniques is to put up- 
to-date information in the hands of human 
operators of control systems when the 
information changes at a high rate. Both 
basic approaches and commercial hard- 
ware are discussed for cathode ray tube 
displays, optical systems, and miscellaneous 
devices ranging from TV pickup to matrix 
cells. 50 cents. 

501—Six Transducers for Precision 
Position Measurement, May 1960, 6 pp. 
Explains operation and gives practical ap- 
plication hints for six precision position 
transducers: pin-and-pawl mechanism, 
magnetic bench-mark system, resolver- 
type transducer, electrostatic transducer, 
coded-dise devices, and diffraction gratings. 
30 cents. 

500—Ready Reference Data Files—I, 
II, Ul, 76 pp. The feature here is a 
special rate for those who purchase all 
of the Data Files published in Conrror 
ENGINEERING through April 1960. The 
36 articles included in this package cover 
analysis, design, and application short-cuts 
for all phases of the control field. Every- 
one can use this timeless reference mate- 
rial. $1.35. 

499—Ready Reference Data Files—III, 
28. pp. Includes the third dozen Data 
Files published in Conrrot ENGINEER- 
inc. Topics range from control of metal 
properties with eddy currents to electri- 
cally signaled valve actuators to stabiliza- 
tion of sampled data systems. 60 cents. 

498—Ready Reference Data Files—II, 
24 pp. Includes the second dozen data 
files published in Conrrot ENGINEERING. 
Topics covered range from analyzing hy- 
draulic servos graphically to using silicon 

Continued on page 196 
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NEW! Meter Recorder Marking System 
with a Slip-in Cartridge! 


Esterbrook’s customized 
marking systems 
guarantee you 

complete satisfaction... 
for any type recorder... 
Circular... Strip... 
Miniature or Plotter! 





» 
Customized for your meter recorder by Esterbrook 


Give your customers the benefit of ink 
cartridge convenience, and a century of 


no more hand fixing! With Esterbrook’s 
new customized meter recorder you'll con- 


experience in the recording product you 
build. . . . Now—Esterbrook’s Technical 
Products and Instrument Division will 
custom-design and build a new marking 
system for your product. 

The result: no more breaking down... 


serve operating time ...and you'll receive 
the free design time and engineering as- 
sistance of experts! 
For further information write to: 
Technical Products & Instrument Division 
The Esterbrook Pen Co. * Camden 1,N. J. 


TECHNICAL PRODUCTS AND INSTRUMENT DIVISION 


CAMDEN 1, NEW JERSEY 
CIRCLE 195 ON READER SERVICE CARD 


Stake your claim for $4.00 


Electrical Equipment Manual 


by J. F. McPartland and W. J. Novak 


176-page, 6” by 9” hard cover book. 


Everyday, easy-to-use data on 


Lamps Motors 
Wire and Cable 


Transformers Switches 


Motor Controls 
Lighting Fixtures Wiring Devices 
Air Conditioners 
~ Sain Copocitors Relays 
Protective Devices 
Switchboard & Raceways and 
Panelboards Busways 


Pole Line Equipment 
Generators 


Sound Systems 


Electrical Wholesaling Please send me 
Dept. 270-059 
330 West 42nd St., 


New York 36, N. Y. 


copies of the sturdily-bound 

176-page book “Electrical Equipment Manual” at $4.00 

per copy ($3.00 per copy for orders of 50 or more). 
Enclosed is full payment of $ 


PLEASE PRINT 


JULY 1960 
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Professor 
Lucius 

von Hausen, 
of aeronautics 
fame, 

reads 

in a balloon. 


“Sort of keeps me on top 
of things,” he says. Fair 
enough . . . but other engi- 
neers and executives prefer 
to read with their feet on 
the ground, especially when 
they’re reading about busi- 
ness. Remember, a good 
place to read is a good place 
to think .. . and if you pay 
engineers and managers to 
think, encourage them to do 
more reading. Like so many 
successful men who read 
their ‘‘most useful’’ 
McGraw - Hill publications, 
they’ll find the best place... 
home or plant, office or ham- 
mock. But wherever they 
read, remember, you share 
in the rewards.* 


*Yes, when they read, 

you profit, too. 

Write on your business 
letterhead for a personal 

copy of booklet, 

“The McGraw-Hill Engineered 
Reading Program,” 











VIBRAMITE 


vibration pickup 


sensitive... 
yet rugged 


damped...yet with 


flat response 


In fact, the new Vibramite pickup 
is the only available damped unit 
with a flat response curve over its 
entire operating range. 

It is also small in size, light in 
weight ...and can be mounted in any 
desired position without adjustment. 





Check these specifications: 
Frequency range 20-2000 cps 


Sensitivity 96.3 mv/in/sec. (Calibrated 
+1% at 100 cps into 2 
megohm load at 80°F) 


Size 1” x 1.42" 
Weight 2.75 oz 
Natural frequency 15 cps 
Damping Eddy current 
(nominal .65 of critical) 
Acceleration 50 g maximum 
output limit (minimum limited only by 


recording equipment) 
Max. shock without 
damage 1000 g 











Complete technical details in 
Bulletin 112A. Write... 


MB ELECTRONICS 


A DIVISION OF TEXTRON ELECTRONICS, INC. 
1101 State Street, New Haven 11, Conn. 
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diodes as protective devices. 50 cents. 

497—Ready Reference Data Files—I, 
24 pp. A must for every control engineer's 
library. Includes the first 12 data files 
published in Conrrot ENGINEERING—a 
diversity of topics from system reliability 
through the cost of industrial temperature- 
measuring systems. Each one gives a 
method of solving a particular problem. 
50 cents. 

496—How to Specify Instrument Ac- 
curacy, 8 pp. This basic reprint is aimed 
at helping the user and maker to develop 
clear and mutual agreement on allowable 
instrument errors. Discussions of un- 
certainties of zero, scale factor, and 
instantaneous slope aid in the intelligent 
specification of allowable errors and pre- 
ferred test procedures. 40 cents. 

495—Transparent Templet for Design- 
ing Servo Compensators, November 1959, 
3 pp. plus templet. Includes transparent 
decibel vs phase angle templet on clear 
acetate in addition to three-page Data 
File outlining development of templet 
and showing its use through sample 
problem. 75 cents. 

494—How to Use the Root Locus in 
Control System Design, 12 pp. Another 
reprint that translates theory into practice. 
Eight simple rules make locus construc- 
tion easy, even including the effects of 
distance-velocity lags. Articles show how 
to interpret the locus diagram, how to 
determine transient response, and how to 
use locus techniques with multiloop sys- 
tems. 45 cents. 

493—Complete Analysis Instrumentation 
Series, 112 pp. Special rate for those who 
order all three parts (I, II, and III) of 
Analysis Instrumentation Series: 17 per- 
cent discount on 112 pages of timely 
technical information for process control 
engineers. $1.75. 

492 — Analysis Instrumentation — III — 
Electrochemical Methods, Mass Spectrom- 
etry, Continuous Viscometers, X-Ray 
Techniques, K-Capture, Physical and 
Chemical Property Testers, Emission Spec- 
troscopy, 48 pp. Reprint includes _ last 
nine articles of Analysis Instrumentation 
Series. 90 cents. 

491—Analysis Instrumentation—II—Re- 
fractometers, Infrared Analyzers, Ultra- 
violet Analyzers, Colorimetry, 32 pp. 
This includes the second group of four 
articles of the Analysis Series. 60 cents. 

490—Analysis Instrumentation—I—Nu- 
clear Magnetic Resonance, Chromatog- 
raphy, Radioactivity, 32 pp. Reprint 
consists of first 4 articles of Analysis 
Instrumentation Series: a general introduc- 
tion and detailed discussions of the three 
analysis techniques. Emphasis is on basic 
principles, practical tips, and the use of 
these techniques in automatic process con- 
trol. 60 cents. 

489—Fundamentals of Multivibrators, 
12 pp. Multivibrators are the electronic 
equivalent of the double-throw electrome- 
chanical relay and can perform substanti- 
ally the same functions (memory, logic, 
gating, counting), but at enormously higher 
speeds. They can be built around vacuum 

Continued on page 199 
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ACCURACY 


4-100 
SERIES 


TAVIS 
DeCeducer 


D.C. INPUT 
D.C. OUTPUT VARIABLE 
RELUCTANCE TRANSDUCER 


Models now available with +0.1% 
static accuracy and temperature 
controlled packaging. 


PROVEN 
APPLICATION 


For use in control systems and testing 
applications where long term stability, 
accuracy and dependability under ex- 
treme environmental conditions are a 
must. 

e in missiles for control, data recording 
and testing applications. 

e in aircraft for testing, remote read-out 
and data recording applications. 

e in industrial applications for data re- 
cording, remote read-out, remote control 
systems and testing applications. 


e in telemetry for use with voltage con- 
trolled osciliators. 


Write today for your 
Tavis Data Sheets on: 
DIGIDUCER — pigital output pressure 

Transducer 
ACEDUCER — 60 cPs input, D.C. out: 
put, 0.1% secondary pressure standard 


Sub carrier oscillator and integral 
pressure Transducer 
For Complete TAVIS Story ...Write Today 


a oe 
,/ \j 
ee me -  d 
a 
ws ENGINEERING 


SUBSIDIARY OF EDCLIFF INSTRUMENT 


1711 S. MOUNTAIN AVE.~ MONROVIA, CALIF 
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Tam iial= 
NIXIE 
ig -tolele)eia 


low cost 
multi-purpose 

electronic 

counter 


Model 720 events-per-unit-time counter is 
designed for uses requiring flexibility. 
Measurement of most physical variables 
such as flow, RPM, frequency or time in- 
terval is simple with NIXIE in-line read- 
out, which reduces operator fatigue and 
errors. Low cost starts at $475 for 
3-decade model. Send for technical 
literature. 


DECADES : 
FREQUENCY 
RANGE : 


3,4, 50r6 


0 to 120,000 pulses/sec. 
50 Millivolts RMS 
ACCURACY: + onecount + time base error 
DISPLAY TIME: 0.2 to 6 sec. or infinite 
SIZE: 19”%x5%”"x 12” 
WEIGHT: 25 Ibs. 
Manufacturers of digital counting and timing 


instruments and systems for military and com- 
mercial use. 


be “< a eo 
INSTRU/ MATION 
ERIE PACIFIC DIVISION 
ERIE RESISTOR CORPORATION 
12932 S. Weber Way, Hawthorne, Calif. 
Phone: ORegon 8-5418 
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SENSITIVITY : 


Engineering notes 


from the S M1 
REPORTER 


BY STANLEY M. INGERSOLL, Capabilities Engineer 


Report No.9 
TMC 601 LOX Tanking Computer System 


Typical of our extensive participation in missile fuel management 
is our TMC 601 the main building block in the process of 
obtaining a completely automatic propellant loading system for 
missiles. It accurately measures, controls and indicates the level 
of liquid oxygen in missile tanks, The computer monitors the 
weight of the propellant aboard a missile, compares it with the 
desired weight, allows for tank diameter and propellant density 
correction and controls the flow of propellant to the missile. 
A two mode control system facilitates the rapid and accurate 
loading of the missile. The first mode permits extremely high 
pumping rates until 98% capacity is reached. The second mode 
then controls a precise proportioning valve which fills the tank 
to within 0.1% accuracy and provides for continuous topping. 
Entirely encased in a protective cover to withstand the extreme 
conditions generated by a firing, the TMC 601 measures the static 
head of the liquid in a tank by means of a highly refined pressure 
transducer, 

The TMC 601 does not require calibration after installation 
and can be easily and rapidly modified for new missile or tank 
configurations, 


Typical Performance Specifications 


115 volts, 400 cycles, 15 watts 
28 volts D.C.. 2 Amps. 
115 volts, 60 cycles, 100 watts (heater) 
25 PSiG—clean, dry air-pneumatic supply to 
TR 2013 


1) Differential Pressure (liquid head) 10 PSIG 
(Range from 0.5 PSIG to 22 PSIG available) 
2) Line Pressure 50 PSIG 
3) Proof Pressure 90 PSIG 
+0.25% under severe environmental conditions 
+0.1% under normal field temperature conditions 
of 50°F to 125°F 





100%, TEST 
UNDER 100% 
CONTACTS 
100% CONTACTS 
OVER 100% 
CONTACTS 
REMOTE 


SLOW FILL 
VALVE 


OVERALL SYSTEM BLOCK DIAGRAM 











For more information and complete operating specifications, write 
or wire SM/I today. Address your inquiry to Stanley M. Ingersoll, 
Capabilities Engineer, 


SERVOMECHANISMS/INC. 
Los Angeles Division 

12500 Aviation Boulevard 
Hawthorne, California 
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Lexington Controls announces 
WORLD’S MOST ACCURATE 
AIR-PRESSURE 

REGULATOR 


* Holds pressure to 1/5 of 1/10 
of 1% of its range over sub- 
stantial variations in supply 
pressure, flow, and ambient tem- 
perature. Resolution: 1 part in 
10,000 of range. 


No exhaust-valve “pick-up” or 
initial drop-off on dead-end ser- 
vice. No drift with time or 
periodic shutdown. 


Designed for rugged service and minimum maintenance. 


50,000 user-tested for 6 years. Accepted as primary 
standard of reference. 


You can prove it! This new air pressure regulator is the 
world’s most accurate and reliable device for precise 
control of air or gas pressure. Yet it costs no more than 
other pilot-operated regulators. 


Key to its unequalled accuracy and instant response is 
its patented high-gain servo design, which uses regulated 
rather than supply pressure, and its stainless steel pres- 
sure capsule 


Available in 2-25, 3-60, or 3-120 psi ranges for 4%”, %4”, 
or %” NPT pipe at 15 U.S. stocking points. Standard 








Have you 
stopped 
learning ? 


A British statesman, it is said, read 
Gibbons “Decline and Fall of the 
Roman Empire” while waiting for 
his wife to dress for dinner. 

Once a man feels the urgency to 
learn, it’s remarkable how he finds 
the time and place to do it. 

If he had to spend countless 
hours seeking out that which would 
be most useful in his work, the go- 
ing might be rough. But, happily, 
this herculean task has already 
been accomplished by McGraw-Hill 


j; specialized magazines that span al- 


most every field and function. 


trade and quantity discounts. Write now for data sheet 
and prices. 


Lexingtont Controls 


INCORPORATED® i 
P. ©. BOX 132-C BURLINGTON, MASS. ; 
PROTECTED BY U.S. AND FOREIGN PATENTS AND PATENTS PENDING. kaa 
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Your very own publication, for 
instance, that you are reading right 
now. Read it inquisitively. Read it 
imaginatively. Pass it along to your 
fellows, tell them how much they 
can get out of it, too... 

Men who read more...earn more! 











Proven, Dependable, Rear-Projection Type 
; DIGITAL 
UN LINE DISPLAYS 
A Model and Size for a 
Your Every Requirement ¥ 


K & T'S MILWAUKEE-MATIC 


TAPE-CONTROLLED MACHINING CENTER 


FEATURES BEAVER BALL SCREWS 


lI 


Series 80000 





PRICES 
Series 10000 Series 10000 
Series 120000 1%,” wide 
258” high 
OUTSTANDING FEATURES 558” long 


18.00 each 
© All digits displayed on $ 
front viewing screen Series 80000 
@ All digits uniform in size 3%” wide 
and intensity 514” high 
e oa 11'¥\,” long 
© High-contrast viewing screen} ¢33.90 each 
@ Digit style of your choice Series 120000 
® Colored digits of your choice 1” wide 
©. Individual units may be 1/16” high 
group assembled for panel 37%” long 
mounting $35.00 each 
WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 
Representatives in principal cities 


A significant machine tool achievement— 
Milwaukee-matic numerically controls posi- 
tioning, tool selection, indexing, machining, 
speeds and feeds. Preloaded Beaver Ball 


Screws with the inherent precision, essential 


i 
Oeaver 
in data control, were the choice of Kearney Drecision 


Quantity Prices 


& Trecker designers for spindle positioning, On Request 


cross feed and table feed—just as they are | fp \aeye [tien a 
with most builders of numerically controlled : i INC. INDUSTRIAL ELECTRONIC ENGINEERS, Inc 
machines. , Inc. 


: ae ele), lie.» 5528 Vineland Avenue, 
Our engineers will be glad to work with you. North Hollywood, Calif. 


CIRCLE 222 ON READER SERVICE CARD 
CONTROL ENGINEERING 

















198 CIRCLE 198 ON READER SERVICE CARD 





FROM 
SERVONIC... 


A complete line of 
Transducers for 
Rugged Applications 


— Model H—High Pressure 


Transducers: For highly accurate 
measurement of pressure in corrosive 
fluids while exposed to extreme en- 
vironments, Sealed, oil-filled cases 
available in most models. 400 to 
8,000 psi. Vibrations to 30g. Various 
case configurations readily available. 
Write for Bulletin S1-581. 


Model H-90 


Model G-76 


| —<—— Model G—Rectilinear 


Potentiometers: For measuring dis- 
placement of missile and aircraft. 
actuators. Can be mounted internally 
or externally. Vibration levels to 35g. 
Ranges from 1/8” to 12”. Critical 
elements of this high performance 
potentiometer are humidity sealed 
within a high-strength alloy case. 


—_—- Model L —Low Pressure 


Transducers: Rugged, high response 
instrument. Pressure actuated, corro- 
sion resistant aneroid elements oper- 
ate precision potentiometer. Switching 
function can be accomplished in lieu 
of potentiometer output. Working 
fluids excluded from sealed oil-filled 
case. Send for Bulletin SI-582, 
Specia/ designs to 
your specifications. 


SSERVONIC 
INSTRUMENTS, Inc. 
640 Terminal Way, Costa Mesa, California 
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tubes, transistors, square-loop magnetic 
materials, neon tubes, thyratrons, and 
cryotrons. This reprint covers a broad 
selection of maultivibrator circuits. 45 
cents. 

488—A Roundup of Control System 
Test Equipment, 24 pp. Specialized con- 
trol system test equipment divides into 
three classes: 1) devices that only generate 
a test signal, 2) systems that both disturb 
the system and provide a means for eval- 
uating response, and 3) devices that only 
evaluate control system response. 60 cents. 

487—Survey of Ac Adjustable-Speed 
Drive Systems, June 1959, 16 pp. Re- 
garded as constant speed devices, multi- 
speed ac actuators actually take many efh- 
cient forms. The recent resurgence of 
interest in these ac adjustable-speed sys- 
tems prompted this comprehensive cover- 
age of pole-changing techniques, armature 
resistance control of wound-rotor motors, 
frequency changing, slip-frequency injec- 
tion, and the use of eddy-current coup- 
lings. 50 cents. 

486—A New Way to Select the Best 
Control Valve, 16 pp. This three-article 
reprint takes a fresh look at the = 
of specifying process flow control valves. 
The author gives rules for selecting the 
right valve characteristics based on static 
and dynamic considerations, takes into ac- 
count the influence of piping on valve per- 
formance, and tackles the problem of siz- 
ing valves for maximum flow and for con- 
trol rangeability. 50 cents. 

485—Fundamentals of Tie-Motor Con- 
trol, 12 pp. Although high powered 
synchro-tie systems have been around 
for a long time, only recently has enough 
experience been logged to put their de- 
sign on a scientific, rather than cut-and- 
try basis. This reprint examines the types 
of motors that can be used in the light of 
the application characteristics, and con- 
siders the special circuit designs that are 
required. 30 cents 

484—Applying Phase-Plane Techniques 
to Nonlinear System Design, 16 pp. This 
series of three articles is designed to teach 
the use of phase-plane techniques to work- 
ing system designers, on a practical rather 
than theoretical basis. It tells how to con- 
struct a phase-plane pilot, interpret a plot 
in terms of system performance, and syn 
thesize nonlinear systems using phase- 
plane techniques. 50 cents. 

483—Economics in Control, December 
1958, 24 pp. A special report covering the 
economic aspects of modernizing with 
control systems. It starts off with a guide 
to the financial factors of modernization, 
then tells the control engineer how to 
spot opportunities where the addition of 
instrumentation and control equipment 
will earn money, and concludes with nine 
case histories showing specific benefits of 
modernizing with control systems. 50 
cents. 

482-Static Switching Devices—New 
Tools for Industrial Control, May 1957, 
28 pp. An independent consultant an 
alyzes the complete field of industrial 
static-switching systems. Starting off with 


Continued on page 200 
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BEAVER 
BALL SCREWS 


Successor to the Acme 
screw drive and preferred 
in many applications to 
hydraulic and pneumatic 
systems. Guaranteed 90% 
efficient in converting ro- 
tary twist to linear push 
(or vice versa). Employs a 
stream of precision balls 
and ground lead to elimi- 
nate drag and wear in 
delicate instruments, air- 
craft, machine tools, mas- 
sive wind tunnel jacks, etc. 
For horizontal and vertical 
actions, indexing, inching 
and traversing. Consul- 
tation and engineering 
service available. Write 
for literature. 
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Drecision 

§ 9roducts 
i INC. 


a CLAWSON, MICH. 


CIRCLE 199 ON READER SERVICE CARD 


ANY DIAMETER OR. TRAVEL 


RAPID START 


NO BACKLASH 


EXTREME ACCURATE POSITIONING 
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This is the New 





High-Speed 


Tape 
Perforator 


I; can punch up to 


60 characters/ sec. 


Speed is completely variable. Tally 
perforators operate asynchronous- 


ly 


at any rate to maximum speed. 


Their unique wire clutch drives 
let you vary speed for slaving 
to other equipment, simplifying 
design of many logical systems. 


Dheoe features, too 


Self-contained @ Accepts tapes 


of varying widths from 5, 6, 7, 
or 8 channels ¢ Low maintenance 
(completely enclosed mechanism 


is 


oil-mist lubricated) @ Quiet 


operation @ Long life through use 
of quality components. 


Ii ready for 


delivery now 


Drop us a line for the full scoop— 
and the name of your nearest Tally 
engineering representative. Please 
address Dept. 21. 


+ 


200 


Wescon Booth 552 


TALLY 2 


REGISTER CORPORATION 
5300 14th Avenue N.W., Seattle 7, Wash. 
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a review of basic switching logic, he covers 
circuit characteristics of the fundamental 
devices, commercially-available systems, 
actual applications, etc. 50 cents. 
481—What’s Available in Flowmeters, 
24 pp. A comprehensive coverage of posi- 
tive displacement, velocity, and mass flow- 
meters, including characteristics, applica- 
tions, and typical manufacturers; plus de- 
tails of a special drag disc meter. 50 cents 
480—Selecting and Applying Control 
Timers, 24 pp. A compilation of four 
articles including a tabular description of 
timer functional parts, criteria for selecting 
and applying control timers, a tabular list 
ing of available timer types and their char 
acteristics and techniques for custom-de- 
signing controls for time-based routines. 
50 cents. 
479—What the Control Engineer 
Should Know About Reliability. April 
1958, 8 pp. Not intended as a compre- 
hensive treatise, but rather as a guide to 
aim the control engineer in the right direc- 
tion, this staff-written article discusses the 
new concept of systems effectiveness, and 
briefly covers techniques for measuring 
reliability, predicting reliability, improving 
reliability, and costing reliability. 20 cents. 
478—Servo Modulators—Their Applica- 
tion, Characteristics, and Availability, 36 
pp. A group of four integrated articles 
covering all phases of electromechanical, 
electronic solid state, and magnetic modu- 
lators. ‘Typical circuit diagrams, character- 
istics, and applications are given for each 
type, plus an 84-item bibliography and 
tables listing commercial units. 65 cents. 
477—Basic Data on Process Control, 24 
pp. A grouping of five articles on flow- 
process control, including Basic Concepts 
of Feedback Control, Selecting Loops for 
Critical Control, Direct or Reverse Con- 
troller Actions, Modifying Valve Charac- 
teristics to Fit the Process, and Using 
Capacitance for Accurate Level Measure- 
ment. 50 cents. 
476—How to Simulate Dead Time, 6 
pp. Three tricky techniques for simulating 
dead time or transport lag. One’s elec- 
tronic, another is pneumatic mechanical, 
and the third uses magnetic tape. A use- 
ful reference for control engineers con 
cerned with process simulation. 15 cents. 
475—Transistor and Thyratron Power 
Amplifiers, 28 pp. These three articles— 
one on transistors and two on thyratrons - 
were prompted by the increasing control 
application of transistors as low power am- 
plifiers and thyratrons as high power am- 
plifiers. In each case the emphasis is on 
practical application, circuit design, sys- 
tem stabilization, etc. 50 cents. 
474—The Uses of Digital Computers 
in Science, in Business, and in Control, 
112 pp. 14 articles published over two 
years as the Digital Application Series. 
Covers application, programming, over-all 
system design, and commercial availability 
of digital computers. $3. 
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Specify the Finest 
Digital Voltmeter Made 
— 


NLS SERIES 20... When the combi- 
nation of reliability, speed and accure 
acy is of uncompromising importance 
=—you can’t afford to gamble on 
“second best” digital measuring equip 
ment! NLS Series 20 instruments are 
field-proven in the most critical appli- 
cations — missile and electronic syse 
tems checkout, automatic process 
monitoring, sophisticated laboratory 
research. Be sure—specify NLS Series 
20, the instruments selected by major 
missile manufacturers after thousands 


of hours of competitive life testing. 


Features: M24 measures DC voltage, voltage 
ratio or resistance in a third of a second, V24 
measures DC voltage and voltage ratio at same 
speed . ... both instruments feature advanced 
transistoried circuitry and mercury-wetted relays 
with life in excess of 3 billion readings... 
+one digit accuracy on DC voltage and voltage 
ratio . . . completely automatic operation... 
plug-in modular construction .. . AC or low 
level measurements with plug-in accessories... 
output connectors for continuous data logging. 
Ranges: DC voltage +.0001 to +999.9; DC 
voltage ratio to +.9999; resistance .1 ohm to 
1 megohm. M24, complete: $5,650.00. V24, com- 
plete: $4,950.00. Write today for complete data, 


Originator of the Digital Voltmeter 


non-linear systems inc. 


DEL MAR (SAN DIEGQ), CALIFORNIA 


NEW ... FREE 20-page Series 20 
booklet, most complete ever offered 
on a single DVM series. 
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There’s a 





for every time/delay/relay application 


Here’s what you get with every Agastat time /delay/relay 
e@ Easy adjustment 

Repeatable accuracy 

Instantaneous recycling 

Unaffected by voltage variations 


Low power consumption 


GET THE WHOLE STORY—write today for Bulletin No. SR-10 and find 
out how Agastat can help you to solve your time delay problems. Write 
to Dept. A35-720. 


AGASTAT TIMING INSTRUMENTS 





ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
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MORE 
THAN A 


PARTICLE OF 
= DIFFERENCE 


Why pay for an expensive alignment tel- CLUTCH 

escope when a Tinsley Autocollimator may *Lear patented magnetic-particle mixtures are totally dry—which 
meet your requirements for hundreds of means no leaking, no packing; have more proportional shear 
dollars less? The Tinsley Autocollimator is strength; provide a faster, more predictable response ; and protect 
easily capable of reading precise angles to clutch surfaces from wear during slipping conditions. Lear has 
% minute accuracy. 20 power. Inter- more, application-proven clutches—designed for high-response 
changeable light source and eyepiece for servo systems and other intermittent load operations—than any 
viewing from end or side. Fits standard other manufacturer. Ask about the one best suited to your needs. 








fixtures. Economical and .dependably ac- 
curate. Write for price and information. 


TINSLEY 


LABORATORIES, INC. | LEARTRON UNEAR ACTUATOR 


2526 Grove Street - Berkeley 4, California | ELECTRO-MECHANICAL DIVISION 110 lonia Avenue, N.W., Grand Rapids, Michigan 
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ROTARY 
SWITCHES, 


with 


QUICK-CONNECT 
TERMINALS 


ESCO 10 amp. Type P switches are now available 
with quick-connect terminals for 
easy installation or removal by snap-on wiring. 
e Standard quick-connect terminals 
e Electrical ratings 
10 amp. 125 va-c Samp. 125 vd-c 
Samp. 240va-c 3 amp. 450 va-c 
@ 1to8 poles; additional pole applications upon request 
e base mounting or panel mounting 
@ supplied with snap or detent action 
For details write for Bulletin No. 20 today. 


ESCO o: WEYMOUTH 


ELECTRO SWITCH CORP 


Weymouth (Boston 88), Massachusetts 


CIRCLE 227 ON READER SERVICE CARD 


a low-cost automatic 
recycling control 


CYCLO- 
MONITOR 


INSTANTANEOUS RECYCLING WITHOUT SKIP 
OR LOSS OF COUNT 

® Counting range: 2000 by 1-count increments or 4000 
by 2-count increments 
Counting speed: 5000 per minute, max. 
Control circuit: 15 amps., SPDT with variable on-off time 
No reset time between cycles — no cumulative error 
Heavy construction for rugged service 
Special models for custom requirements 
Automate: punch presses, packaging machines, winders, 
.measuring and cut-off devices, motor drives, solenoid 
valves and other production machines and processes 


. 


Send your recycling problems to 


COUNTER and CONTROL CORPORATION 


4509 WEST BROWN DEER ROAD @ MILWAUKEE 23, WISCONSIN 





CIRCLE 202 ON READER SERVICE CARD 


MEETINGS 


JULY 


Seventh Annual Symposium on Com- 
puters and Data Processing, Denver 
Research Institute of University of 
Denver, Stanley Hotel, Estes Park, 
Colo. July 28-29 


AUGUST 


Fourth National Heat Transfer Con- 
ference and Exhibit, sponsored by 
AIChE and ASME, Statler Hotel, 
Buffalo, N. Y. Aug. 14-17 

Wester Electronic Show and Con- 
vention (WESCON), Memorial 
Sports Arena, Los Angeles, Calif. 

Aug. 23-26 


SEPTEMBER 


Society of Instrument Technology and 
the British Interplanetary Society, 
Symposium On Rocket and Satel- 
lite Instrumentation, London, Eng- 
land Sept. 1 

Production Engineering Show, Navy 
Pier, Chicago, III. Sept. 6-16 

National Machine Tool Builders Asso- 
ciation, Machine ‘Tool Exposition 
(in connection with Production En- 
gineering Show), International Am- 
phitheatre, Chicago, Ill. 

Sept. 6-16 

Joint Automatic Control Conference, 
sponsored by ASME, AIEE, IRE, 
ISA, and AIChE, Massachusetts 
Institute of ‘Technology, Cam- 
bridge, Mass. Sept. 7-9 

Second Coliseum Machinery Show, 
Chicago Coliseum, Chicago, III 

Sept. 7-15 

Institute of Radio Engineers, National 
Symposium on Space Electronics 
and Telemetry, Shoreham Hotel, 
Washington, D. C. Sept. 19-22 

American Institute of Electrical Engi- 
neers, Ninth Annual _ Industrial 
Electronics Symposium, Sheraton 
Cleveland Hotel, Cleveland, Ohio. 

Sept. 21-22 

Instrument Society of America, 15th 
Annual _Instrument-Automation 
Conference and Exhibit, New York 
Coliseum, New York City. 

Sept 26-30 


OCTOBER 


National Electronics Conference, Ho- 
tel Sherman, Chicago, Ill. 

Oct. 10-12 

American Institute of Electrical Engi- 

neers, Fall General Meeting, Mor- 
rison Hotel, Chicago, III. 

, Oct. 9-14 
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PRECISION | er wales Sas : 
PLATINUM | SPDT mercury switch 


is shockproof, 
Illustrated Models {oS = 


— en Working 1 
standard thermometer. W. t rp f 
Stability is 0.01 C° a e roo ct 
over most of range from | i 
-182 C° to +260 C° 
(other models to 
-265 C° on request). 
Available on fast 




















delivery. 
MODEL 150B Miniature (actual size) 


ee” age 
liquid hydrogen probe ONI Y 30¢ 
The diameter is a 
only 0.160 inches. (OEM quantities) 


ae fine ol wai Replaces 2 SPST switches in vending machines, 


used for Missile _  annunciators, programmers, interlocks, alarm sys- 
a | | tems. HG 900 LO has break-before-make, HG 901 


Write for Now Catalog ' LO has make-before-break action; single pole, 
No. 115811 for description double throw. .400” diameter, 13/4,” long. 50,000 


of 50 different REC ; : es . 
probes, including total | cycle minimum life expectancy. Variety of lead wire 
temperature probes and ; 


sutaee graben. ' and terminal\combinations. For complete informa- 
_ _ tion, call or write ' 


ROSEMOUNT Mt hl ll ae 


COMPANY GO OSs 
COMPANY 
4902 West 78th St. CORPORATION) sloomritro. New JERSEY 


Minneapolis 24, Minn, PILGRIM 3-6800 


CIRCLE 228 ON READER SERVICE CARD CIRCLE 230 ON READER SERVICE CARD 
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pe PROTEX 


REEL CLIPS 
REEL BANDS 


For All Type, Al/ Size Ree/s— 
All Kinds, All Widths Tape or Motion 
Picture Film—Durable—Non-Magnetic 


ae @< 


SOUND RECORDING 


WHY WAIT FOR RELAYS? 


GET THE RELAYS YOU NEED 
IMMEDIATELY FROM 

YOUR LOCAL DISTRIBUTOR 
ADVANCE RELAYS 

ENGINEERED FOR TOMORROW; 
AVAILABLE TODAY 


— 


GIN A—ELGIN A—ELGINA—ELGIN A—ELGINA— 


“# 


TELEPHONE © LATCHING 
HIGH ILTAGE © MINIATURE 
ANTENNA © MILITARY 

SENSITIVE © OVERLOAD 
COAXIAL © POWER TRANSFER 
DELAY © POWER CONTROL 
P CONTACTORS © GENERAL PURPOSE 


COM PUTING—INSTRUMENTATION 


ELGIN ADVANCE RELAYS | ELGIN NATIONAL WATCH COMPANY | 2435 NORTH NAOMI STREET | BURBANK | CALIFORNIA 
TELEMETERING—TELEVISION : 


- 
? 
sl ELGIN Has « New 


72-Page CATALOG for 


You— Request One Today 


-_ 


The lightning-quick fastener that will keep 
your tape wound smooth and tight, while 
insuring it from spilling off the reel. 
Serving Education, Industry and Govern- 
ment, Under Federal GSA Contract. Listed 
FSC Group 74, Amendment No. 2. 





PRO-TEX REEL BAND CO. 


200 FILM BLOG., CLEVELAND 14,0OHIO 
TOWER 11-2624 
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JULY 1960 CIRCLE 203 ON READER SERVICE CARD 203 
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A MESSAGE TO AMERICAN 


INDUSTRY © ONE OF A SERIES 


Recent Economic Growth — 
The Numbers Game 


If it truly portrayed recent rates of economic 
growth in the United States, the report on em- 
ployment, growth and price levels recently 
issued by the staff of the Joint (Congressional) 
Economic Committee would point up scarcely 
less than a national disaster. Among other things, 
it would document impressively Premier Khrushchev’s 
crack that “the capitalist steed the United States is 
riding .. . is worn out.” 

One of the major findings of the Joint Committee’s 
staff (in the Eckstein Report, named for its staff di- 
rector Otto Eckstein) is that between 1953 and 1959 
the average rate of growth of physical output in the 
United States was only 2.4 per cent per year. This is 
scarcely more than half the average annual rate of 
growth of 4.6 per cent the staff found to have prevailed 
between 1947 and 1953. 

Happily, however, the report does not reflect 
the basic economic realities. Its finding on relative 


rates of economic growth for the two periods is a sta- 
tistical tour de force which, by the selection of certain 
figures and certain dates, distorts the record of Ameri- 
ca’s long-term economic growth. 


Playing The Numbers Game 


By the selection of appropriate starting and terminal 
periods it is possible to document almost any rate of 
economic growth that is desired. The table at the bot- 
tom of this page shows you how this can be done. It will 
also show you how the Eckstein staff worked out its 
shocking contrast in growth rates. The table is built 
like a schedule of airplane fares between different 
cities, The postwar years 1946 through 1959 are put 
down on two axes. One runs down the left hand col- 
umn, the other runs across the top of the table. Put 
your finger on the point where the two axes intersect 
and you have the average rate of growth for the period 
covered. 





Starting 
Year 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 


1946 1947 
0.1 


1948 1949 

-1.9 -1.2 
38 1.8 
x -0.1 


1950 
3.0 
4.1 
4.2 
8.7 


WSs eee eee ee ff | 
“Es teers se 2 ee 
PE ee eee fe ef 
See eee ee 


x 
» 
x 
x 
x 
x 
x 
x 
x 
x 
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*Compound rates of growth 





1951 


ANNUAL AVERAGE GROWTH RATES OF THE U.S. ECONOMY, 1946-1959* 


(Percent increases, starting year to terminal year, of GNP in 1954 dollars). 


Terminal Year 


1952 


3.8 


4.8 
6.5 
5.4 
3.4 
x 


1953 1955 1956 
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Following this procedure, you can find growth rates 
ranging all the way from —2.3 per cent, between 1957 
and 1958, to +8.7 per cent, between 1949 and 1950, 
along with almost any other rate you would choose for 
various years and sequences of several years over the 
postwar period, 

For example, if you want to demonstrate that the 
postwar growth rate through 1953 was less than 47% 
per year, you take off from 1946, include a drop of 0.1 
per cent between 1946 and 1947, and come up with a 
growth rate for the 1946-1953 period of 3.9 per cent. 
But if you want to show it was quite high, you take off 
a year later, from 1947 (which drops out that dismal 
—0.1 per cent for 1947) and come up with a fine 
growth rate of 4.6 per cent for the 1947-1953 years. 


Statistical Hocus-Pocus 


That’s what the Eckstein staff did. It took off at one 
end from a year when there was just about no growth, 
went to the Korean War boom year of 1953 at the 
other end, and got that average growth rate of 4.6 per 
cent. Then it took off from the Korean War boom year 
of 1953 and ran to the year 1959, when business was 
recovering from a recession and suffered through a 
steel strike of 116 days, to come up with its 2.4 per 
cent growth rate for the second postwar period. As the 
table indicates, by taking off a year later (1954) the 
average growth rate would have become 3.2 per cent, 
and if the take off had been 1949 it would have been 
3.8 per cent. 

There are those who, in nontechnical terms, 
would characterize this as statistical hocus- 
pocus. There are also those who would see in it 
an element of political hocus-pocus, too. This is 
because the years 1947-53, when the Eckstein staff 
found there had been the healthy 4.6 per cent growth 
rate, were roughly years when we had a Democratic 
president, while the anemic growth rate of 2.4 per cent 
it calculated for the subsequent years was for years of 
a Republican presidency. 

Actually it can be shown that the civilian part of our 
economy has had more rapid growth during the Re- 
publican administration than it had during the Demo- 
cratic years. If military expenditures are subtracted 
from the national ouput, the resulting growth rate for 
1953 to 1959 is slightly higher than for 1947 to 1953. 

However, we do not question the bona fides of the 
Eckstein staff. But we do assert that it has pro- 
duced a statistical picture of the postwar growth 
of the American economy which is dangerously 
misleading both at home and abroad. 

Abroad, the report appears to give official documen- 
tation to the propaganda line that the Soviet economy 
is running rings around the U.S. economy in growth, 
and that it is Communism a country should choose if it 
really wants to develop rapidly. Building on a much 
smaller economic base than the U.S.A., the Soviet 
Union — as well as almost every less advanced nation 
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in the world — is bound to show a larger percentage 
increase in output than the U.S.A. But the Eckstein 
staff calculation gives the Communists ammunition 
they don’t deserve. 


Are We Facing A Crisis? 


The contrast drawn by the Joint Committee staff in 
postwar U.S. growth rates suggests that we are facing 
scarcely less than a crisis through paralysis of our 
economic growth which calls for drastic remedies. 
But this, as the full 1947 to 1959 growth record set 
forth in the table makes clear, is very definitely not the 
case, Our over-all postwar rate of growth, as measured 
by the gross national product in physical terms, has 
been 3.5 per cent per year, a rate nearly double the 
long-term growth rate of 2 per cent per year between 
1909 and 1939. In the continuing fluctuations in the 
rate of growth which more or less inevitably charac- 
terize a relatively free economy, we have had some 
downs in recent years. But our economy is now on 
the upbeat again. And at the end of this year, 
the U.S. economic growth rate for the postwar 
period can be expected to be 3.7 per cent per 
year. 

It is extremely important for the United 
States to continue to maintain this rate of eco- 
nomic growth or even to surpass it. Upon this 
effort depends our capacity to meet our defense re- 
quirements without dangerous strain, to provide an 
adequate margin for foreign aid, to improve our own 
productive facilities, and to continue to raise our own 
standard of living. 

How not only to maintain but possibly improve 
upon our postwar pace of economic growth will be the 
subject of strenuous debate in the months ahead. How- 
ever, the debate will have a much better chance of 
being constructive if the postwar growth record is seen 
in proper perspective. To this end one of the first 
things to do is to junk panic rousing statistical por- 
trayals such as that in the Eckstein report 





This message is one of a series prepared by the 
McGraw-Hill Department of Economics to help 
increase public knowledge and understanding 
of important nation-wide developments. Per- 
mission is freely extended to newspapers, 
groups or individuals to quote or reprint all 
or parts of the text. 


Reuatd Ube 


PRESIDENT 
McGRAW-HILL PUBLISHING COMPANY, INC. 














EMPLOYMENT OPPORTUNITIES 





DIVERSIFIED 
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SUBMARINE INTEGRATED 
CONTROL SYSTEMS 
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TRAINING 
DEVICE SIMULATORS 


~ SYSTEMS APPLICATION 
SECTION 


Pioneer in design and develop- 
ment of nuclear powered, missile 
firing submarines, Electric Boat 
Division of General Dynamics is 
expanding its successful and 
diversified research and develop- 
ment activities in advanced tech- 
nological areas: large control sys- 
tems (world’s largest wind tunnel, 
precise radio telescope); training 
equipment (simulators and train- 
ers for missiles, submarines and 
other weapons systems); subma- 
rine integrated control systems (to 
include ship and weapons control, 
display, sensor, communications 
and data processing systems). 


\ 





OPPORTUNITIES ARE NOW OPEN 
FOR GRADUATE ENGINEERS: 


SYSTEMS ENGINEERS 

To perform conceptual engineering and 
systems analysis on complex electro- 
mechanical and hydraulic systems, co- 
ordinate the technical efforts of detail 
engineering, and perform customer 
technical liaison. 


ELECTRICAL ENGINEERS 

To perform system analysis for deter- 
mination of servo requirements, 
particularly for large horsepower ap- 
plications; and to design special pur- 
pose electronic circuits for use in 
control, computation, measurement 
and communications area. 


SYSTEMS EVALUATION ENGINEERS 

To perform conceptual engineering and 
production engineering of electronic 
equipment, with particular regard to 
circuit development. 


If you are qualified in any of these 
areas, and would like to live and work 
on the Connecticut shore just half way 
between New York and Boston, send 
a resume with salary requirements to 
James P. O’Brien, Technical Employ- 
ment Supervisor. All inquiries in 
confidence. 


YY 


ELECTRIC BOAT 
A vivision OF GENERAL DYNAMICS 


GROTON, CONNECTICUT 





PLAN YOUR FUTURE 
WITH US 


Experienced in Instrument Control Systems? 
Advancement slow in your present position? 


It's time you knew about us! 


Our services include start to finish engineer- 
ing of automatic control systems for the 
process industries. You can assume systems 
engineering responsibilities for studies and 
evaluation of a customers’ instrumentation 
requirements. Other areas include field co- 
ordination of equipment installation, inspec- 
tion and start-up and maintenance of instru- 
mentation systems. Opportunities for all 
levels of engineering talent in the above 
areas. 


Associate with a staff of instrument and 
control engineers, technicians, and data 
handling and computing experts 


Send complete resume to Mr. W. A. Wecker, 
Personnel Director to learn more about your 
future with us. We offer top salaries for 
proven abilities. Suburban Chicago location 
or field residence. 


PANELLIT SERVICE CORPORATION 
7401 N. HAMLIN AVENUE 
SKOKIE, ILLINOIS 








ASSISTANT CHIEF ENGINEER 


Fractional Hp motors exp. design and dev. of small 
motors, servos, tacometers and other precision elec- 
tromechanical devices for military and commercial 
use. Leading to position of chief engineer. Fast 
expanding concern. $12,000 to start. No fee. Con- 
tact Lew Musgrave. 


MONARCH PERSONNEL 
28 East Jackson Chicago 4, Illinois 











10 COMPONENT ENGINEERS 
SALARY $14,000 PER YEAR 

A leading prime Contractor in electronics for 

Electrical — Electronic — and Mechanical Devices 

such as transformers, tubes, gear, trains, Servo 

and Synchro Mechanisms. Company client as- 

sumes all employment expense. 


ESQUIRE PERSONNEL INC. 
202 S. State Street Chicago 4, til 











New Departures for an 
Instrumentation 


ENGINEER 
in GAS CHROMATOGRAPHY 


This creative opening requires an 
extensive background in Gas 
Chromatography and intimate 
knowledge in the design of on-stream 
Gas Chromatographs. 


At the Ridgefield Instrument Group 
you will join a select cadre of 
scientists and engineers in an 
atmosphere of unrestricted 
communication. 


Your position with RIG will enhance 
the achievement of your professional 
potential while your design ideas 
rapidly reach commercial fruition. 


Send resume to: 
Director of Engineering 


SCHLUMBERGER 


_ RIDGEFIELD 
INSTRUMENT 
GROUP 
RIDGEFIELD 
CONNECTICUT 
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EMPLOYMENT OPPORTUNITIES 





Interested in 


helitronics 


a challenging new field of opportunity 
for electronic engineers at 


SIKORSKY AIRCRAFT 








* To describe this unique field, only a brand 
new word would do, a word with two live roots: 
helicopters and electronics. These roots penetrate 
deeply into some of the most stimulating soil in 
modern technology. 


In droad terms, helitronics embraces practically 
every phase of avionics, electronics, computer, 
feedback and systems analysis work. Specifically, 
helitronics means the integration of communi- 
cation systems, specialized electronic search and 
detection equipment to enhance the mission ca- 
pability of the helicopter, specialized sensors and 
automatic controls to increase its versatility, and 
automatic navigation, into an optimum military 
weapon system or commercial carrier with VTOL 
capability. Many assignments call for the ability 
to advance the state-of-the-art in testing and in 
instrumentation. 


> 
ch. 


If you would like to enter this challenging new 
field, the time is now. The place? Sikorsky Air- 
craft—pioneer and leading manufacturer of 
rotary-wing aircraft, the company that leads 
again with many opportunities for you in 
HELITRONICS. 


{mitment 





For further information, submit 
your resume or make inquiry to 
J.L.Purfield, Personnel Department. 
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EMPLOYMENT OPPORTUNITIES 


"ELECTRICAL & ee ~  — 
| ELECTRONIC = cet 
ENGINEERS Electronic Design 


£ y * and Development Opportunities in NN > 


Newly Formed Mechanical Division © 
ESSO RESEARCH AND ENGINEERING COMPANY 


Career opportunities for ELECTRONIC and 
ELECTRICAL ENGINEERS with broad 
backgrounds and interests. Must have creative 
ability and drive to make substantial contribu- 
tions to scientific instrumentation and tech- 
niques in such areas as: 

@ Basic Electronic Circuitry 

®@ Systems Engineering and Development 

@ Pulse Coding and Analysis 

@ Data Conversion 

© Radioactive Tracer Studies 

@ Automation and Control 





Electronic development needed for 
Company-wide petroleum and chemi- 
cals research effort in: 


@ Combustion and Lubrication 

e@ Process Development 

® Solid Rocket Propeliants 

@ New Products Uses 

We will be glad to discuss projects, show 


our fine facilities and review future 
prospects with eligible candidates. 


Send your inquiry to Mr. Don Gardei — Employee Relations — L 


ESSO RESEARCH AND ENGINEERING C0. 


P.O. Box 175, Linden, New Jersey 





ELECTRONICS 
ENGINEER 


® To be key member of small 
integrated group. 


Interesting, challenging op- 
portunity in Research and 
Development problems of an 
Industrial nature. 


Duties include preliminary analy- 
sis, design and development of 
experimental equipment and the 
design and testing of prototypes. 
Working knowledge of automatic 
controls for industrial machinery, 
high voltage rectifier equipment or 
high voltage gaseous discharges 
desirable. Some design and devel- 
opment experience required. 
Send resume to H. W. Buswell, 
Employment Supervisor, Koppers 
Company, Inc., Metal Products 
Division, P.O. Box 298, Baltimore 
3, Maryland. 


INSTRUMENT 
ENGINEERS 


Openings for instrument engineers in 
expanding instrument department of 
petrochemical plant located in Central 
Illinois. 


Graduate engineers with 1-5 years 
experience in selection, application, and 
maintenance of chemical process instru- 
mentation. 

Send resume, including salary infor- 
mation. Replies confidential. 


U. S. INDUSTRIAL CHEMICALS CO. 
Division of 

National Distillers & Chemical Corp. 

99 Park Avenue New York 16, N. Y. 














ADDRESS BOX NO. REPLIES TO: Bow No. 
Classified Adv. Div. of this publication, 
Send to office nearest you. 
NEW YORK 36: P. 0. Bow 12 
CHICAGO 11: 520 N. Michigan Ave. 


SAN FRANCISCO 4: 68 Post St. 








PROCESS CONTROL ENGINEER 


Excellent opportunity for experienced engineer in 
development and application of automatic controls 
© petroleum refining processes Applicant should 
be chemical engineer with electronic experience or 
electronics engineer with process experience. Send 
esume t 
Personnel Manager 
UNIVERSAL OIL PRODUCTS COMPANY 

30 Algonquin Road Des Plaines, Iilinois 
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POSITION VACANT 


| Teaching Position in Mechanical Engineering 


| Process Controls. 


Department with special interest in Industrial 
Must have strong interest 


| & competence in developing process controls 


| 
' 


laboratory. Masters Degree teaching & in- 
dustrial experience. Write to S. Brooks Wal- 
ton, Mechanical Engineering Department, San 
Jose State College, San Jose, Calif. 





EMPLOY MENT 
OPPORTUNITIES 


The advertisements in this section include all 
employment opportunities — executive 
agement, technical, selling, office, 
manual, etc. 


— RATES — 


DISPLAYED: The advertising rate is 
$23.80 per inch for all 
pearing on other than a contract basis 
Contract rates quoted on request. 


man- 


skilled, 


advertising ap 


An advertising inch is measured %” ver- 


tically on a column—3 columns—30 


inches to a page. 
Subject to Agency Commission. 


UNDISPLAYED: $2.10 per line, minimum 
3 lines. To figure advance payment 
count 5 average words as a line. 


Box numbers—count as 1 line. 


Discount of 10% 
in advance for 4 consecutive insertions 


if full payment is made 


Not subject to Agency Commission. 


Send New 
Class. Adv 


Ads on Control Engineering 
, P. O. Box 12, N. Y. 36, N. Y. 
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Plot your program 
with a pencil on 
ordinary graph paper 


DATA-TRAK 
will follow it 


NEW 


Now, with only an ordinary graphite 
pencil and graph paper, you can feed 
program instructions to automatic 
process controls. Data-Trak follows 
pencil-drawn graphs anyone can pre- 
pare. High degrees of accuracy and 
reliability result from use of unique 
capacitive curve-following principle. 
Potentiometer output is proportional 
to drawn curve. 


Graphs last indefinitely because 
stylus doesn’t touch the paper. Data- 
Trak drum speed is variable, can 
even be programmed automatically. 
Drum rotates continuously on some 
models for cyclic programming. 
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Write Dept. CE, Box 6164, Minneapolis 24, Minn. 





x 
Users of Adlake mercury 


relays report ver 5,000,000 
operations without failure. 


“4 





SEND FOR RELAY CATALOG 
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The Adams & Westlake Company 
Dept. K-3407, Elkhart, Indiana 


name. 





company 





address 





city, state. 
Visit our exhibit, Booth = 1038 at 
the 1960 Design Engineering Show. 
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Uses include such equipment as aircraft instru- 
ment panels, shipboard control centers, ground 
control equipment in either fixed or mobile 
installations, industrial process control centers, 
electronic test instruments and computers. 


Twelve important controls to meet your design 
problems provide a new standard in reliability 
of operation. 


TP SERIES — Types TP05, TPO9, TP11, TP13, 
TP17 and TP20, in 6 sizes from 2" to 2” diameter. 
Each is a single-turn, high torque, rotary, wire- 
wound pot, engineered for peak performance under 
severe environmental conditions. Threaded bushings, 
precision register, mounting nut, lock washer and 
locating pin permit exact positioning for precise control. 
Available with non-linear functions, including complete 
series of sine-cosine functions. Accurate, dependable, 
long-life performance. 


TPOS TPO9 


MTF SERIES — Types M3TF, M5TF and 
MIOTF. Housed in corrosion resistant box- 
like enclosures, all have a lead screw 

shaft arrangement for driving the wiper 
transversely from end to end of the resistance 
element. Encapsulated metallic film resist- 
ance element provides infinite resolution, 3, 

5 or 10 turns (1080°, 1800°, 3600°) of 
rotation for accurate setting. Threaded bush- 
ing, with concentric locking device supplied 
to provide simple panel mounting knob 

for precise manual control. 


P SERIES — Types P14, P15% and P3 with 
numerals designating diameters. Especially 
designed for low cost commercial applications. 
These rotary type pots feature low induct- 
ance and capacitance. Available in linear 

or nonlinear functions, single or ganged 
assemblies. 


Get this new TIC cata- 
log with complete details 
on the most complete 
line of precision potenti- 
ometers by calling, 
writing or wiring. 
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TECHNOLOGY INSTRUMENT CORPORATION 


523 MAIN STREET, ACTON, MASS. 
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BULLETIN 709 
STARTERS 


ALLEN-BRADLEY are made in 9 sizes 


from Size 0 (at left) 
up to Size 8. 


Solenoid Starters give 


MORE MILLIONS 
OF TROUBLE FREE 
OPERATIONS \ 


...and for good reasons 





@ ONE MOVING PART 


With this simple solenoid design, there’s 
virtually nothing to go wrong—all 
trouble-causing bearings, pivots, and 
flexible jumpers have been eliminated. 


@ DOUBLE BREAK, SILVER ALLOY CONTACTS \ 


Allen-Bradley silver alloy contacts never 
require maintenance. They are always 

in perfect operating condition ... and remain 
so until completely worn away. 





® SIMPLE UP-AND-DOWN MOTION 
The virtually frictionless, straight line 
vertical motion provides uniform contact 
pressure at all times—and assures con- 
sistent, rapid operation of the contactor. 


® RELIABLE OVERLOAD PROTECTION 


All A-B starters are equipped with two 
permanently accurate and reliable overload 
relays that protect motors against ‘“‘burnouts.”’ wes bs Saas te EOE 
Three overload relays can be furnished. BULLETIN 709 SIZE 7 

with maximum ratings of 300 
hp, 220 v; 600 hp, 440-550 v. 


ALLEN-BRADLEY 





QUALITY 
MOTOR 
CONTROL 
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